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1. INTRODUCTION 
1.1 Carbasugars and pseudooligosaccharides 
Carbohydrates are extremely widespread in nature as monosaccharides, and more often 
as oligo- or polysaccharides, glycoproteins, glycolipids, and other glycoconjugates. They are 
involved in an enormous number of biological processes such as signaling, intercellular 
communication, and molecular and cellular targeting.[1] This key role is also shown in 
biological disorders and diseases as diabetes, cancer, inflammatory processes, and viral and 
bacterial infections. Therefore, studies have been conducted in order to obtain a greater 
knowledge of the subject and develop new compounds which could lead to new classes of 
drugs where the carbohydrate moiety had analogous or even improved biological properties 
compared to those of the parent structures (the carbohydrate mimetics). According to this, 
from 1966 to 1968, Professor G. E. McCasland’s group prepared a series of derivatives in 
which the ring oxygen of a monosaccharide had been replaced by a methylene group, and 
they coined the term pseudosugars for this family of compounds, currently known as 
carbasugars.[2] 
For their nomenclature S. Ogawa proposed the use of the prefix “carba”, preceded, where 
considered necessary, by the appropriate locant (“4a” for an aldofuranose, “5a” for an 
aldopyranose), followed by the name of the sugar.[3] 
McCasland’s group synthesized 5a-carba-α-DL-talopyranose[4] (the first reported 
carbasugar), 5a-carba-α-DL-galactopyranose[5] and 5a-carba-β-DL gulopyranose[6] (Figure 
1.1).  
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Figure 1.1. Racemic carbasugars prepared by McCasland et al. (only D-enantiomers are shown) and the 
corresponding “true” sugars. 
 
 
It is noteworthy that, 7 years later, 5a-carba-α-D-galactopyranose was isolated as a true 
natural product from a fermentation broth of Streptomyces sp. MA-4145.[7] In fact, contrary 
to carbafuranoses, carbapyranoses have been found free in nature (cyclophellitol isolated 
from Phellinus sp.[8], or MK7607 isolated from Curvularia eragestrides[9]), however, the 
most of them are subunit of more complex molecules.  
For instance, of the 32 isomers of 5a-carba-aldopyranoses theoretically possible, all 16 of 
the racemic forms have already been synthesized, as well as 25 of the possible 32 pure 
enantiomers. 
On the other hand, an important number of analogues have also been prepared in the 
search for improved biological (especially enzymatic inhibitory) activities. 
As carbohydrate mimetics, carbasugars also may be used to synthesize mimetics of 
natural biomolecules as glycoproteins, glycolipids, and oligosaccharides. The essential role 
played by oligosaccharides in the proper functioning of living organisms is now well 
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established. Several N-linked pseudooligosaccharides containing carbocyclic valienamine, 
valiolamine or validamine moieties occur naturally, and were subject of study for Professor 
Seiichiro Ogawa, whose role in carbohydrates mimetics chemistry was fundamental.  
 
 
 
Figure 1.2. Validamycin A and acarbose, and some naturally occurring 
5a-carbaglycosylamines. 
 
The biological activity, in particular glucosidase inhibitory activity, of some of these 
natural structures has prompted the synthesis of analogues to help understand their biological 
mode of action or to try to alter or improve specificity and affinity for a glucosidase or other 
glycosidase of interest.[10,11] 
Glycosidase inhibitors possess interesting enzymespecific inhibitory activities, therefore, 
they are expected not only to be tools to elucidate the mechanisms of a living system 
manipulated by the glycoconjugates but also to be potential clinical drugs and insecticides 
by inducing the failure of glycoconjugates to perform their function: anti-obesity drugs, anti-
diabetics, anti-fungal, and anti-viral including substances active towards the human 
immunodeficiency virus (HIV)[12] 
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Among currently important glycosidase inhibitors, validamycin A[13] and acarbose[14] 
(Figure 1.2), have been widely used to control sheath bright of rice plant and to treat diabetes, 
respectively. 
The valienamine portions of validamycin A and acarbose have been shown to play roles 
by structural mimicking of transition states of glucopyranose residues during hydrolysis of 
glucosides[15] (Figure 1.3), binding to the active sites of enzymes. 
 
 
Figure 1.3. Hypothetical transition states for the cleavage of glycosidic bonds and binding of glycosidase 
inhibitors of 5a-carbaglycosylamine type to active sites of enzymes. 
 
Similarly, other synthetic pseudodisaccharides have been subject of studies in order to 
obtain other enzymes inhibitors. 
Sialyltransferases transfer a sialic acid residue to a non-reducing end of the sugar chain 
and development of specific inhibitors is of obvious interest since epitopes containing sialic 
acid glycoconjugates are intimately involved with many diseases. Therefore, studies have 
been conducted and led to potent and specific sialyltransferase inhibitors: imino-linked 5a-
carbadisaccharides 1.1-1.4 (Figure 1.4). 
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Figure 1.4: Four imino-linked 5a-carbadisaccharides 
 
Moreover, Lysinomicin, a naturally-occurring pseudodisaccharide, inhibits translation in 
prokaryotes. In fact, lysinomicin (and related compounds) are able to inhibit the self-splicing 
of group I introns, thus identifying pseudodisaccharides as a novel class of group I intron 
splicing inhibitors (Figure 1.5).[16] 
 
 
Figure 1.5. Pseudodisaccharidic inhibitors of the self-splicing of group I introns. 
 
Carbasugar pseudooligosaccharides have also been shown to interact with other 
carbohydrate-binding proteins; some ether-linked carbasugar pseudodisaccharides have 
been found to act as substrates for glycosyltransferases;[10] some have been found to bind to 
lectins.[17] 
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Therefore, a number of natural and synthetic mono- and polypseudosaccharide have been 
found to induce far reaching biological effects. It is thus not surprising that the promise that 
such effects might be exploited to advantage in medicine and agriculture has encouraged a 
sustained quest for new carbohydrate mimics which could lead to novel classes of drugs. 
 
1.2. Pseudodisaccharides synthesis 
 
1.2.1. Introduction 
The chemistry used to link a carbasugar to a carbohydrate is quite different from that used 
to synthesize a glycosidic bond.  The bridging bond may be disconnected retrosynthetically 
to give a carbasugar C(1) electrophile and a carbohydrate nucleophile or to give a carbasugar 
C(1) nucleophile and a carbohydrate electrophile (Figure 1.6). The two disconnections are 
similar, but even discounting the vagaries of real systems, they are non-equivalent. 
In the first case (carbasugar used as electrophile), the C(1) of a carbasugar is flanked by 
an alien methylene group (C-5a) that does not bear an electron-withdrawing oxygen, which 
means that it may be more electrophilic in SN2 reactions than a carbon in a carbohydrate 
flanked by two carbons each bearing an electron-withdrawing oxygen functionality. In  
C-5=C-5a unsaturated systems the C(1) position is allylic, determining an enhancement 
in its reactivity in SN reactions. Therefore, carbasugar electrophiles (disconnection 1 in 
Figure 1.6a) may represent a better choice than non-carbasugar electrophiles (disconnection 
2). However, such an allylic carbasugar electrophile could also be prone to a favourable 
elimination reaction leading to a conjugated diene. 
In the second case (carbasugar used as nucleophile), SN reactions on carbohydrates (at 
carbons other than the anomeric carbon) are difficult: the many electron-withdrawing groups 
on the ring destabilize potential carbocations making SN1 reactions very unusual away from 
the anomeric centre. SN2 reactions are disfavoured by the presence of electron-withdrawing 
groups in the β position to a leaving group (cf. disconnections 2 in Figure 1.6 a and b).[18] 
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Figure 1.6. Retrosynthetic disconnection of carbasugars pseudodisaccharides 
 
Stereoelectronic factors are also important, with, for example, the Fürst–Plattner favoured 
trans-diaxial products tending to dominate in epoxide-opening reactions. 
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1.2.2. Reductive amination 
Reductive amination is one of the most used methods for secondary amine formation, but 
it has not been widely used for the synthesis of imino-linked pseudodisaccharides. While 
regioselectivity is not a problem in such reaction, stereoselectivity is a disadvantage over 
SN2-type reactions because two diasteroisomeric products can be formed in the reduction 
process. 
Kuzuhara and co-workers reported a reductive amination between a carbasugar C(1) 
ketone (1.5) and a 4-amino-4,6-dideoxyglucose derivative (1.8) (Table 1.1, entry 1).[19, 20] 
The stereoselectivity in the reduction step was in favour of the α product (1.11), which was 
formed in 30% yield, along with the β product (1.12, 4%). 
 
Haines and Carvalho used reductive amination to link a 3-amino-3-deoxyglucose (1.9) to 
an inositol-derived ketone (1.6) in an attempt to synthesize an inhibitor of α-glucosidase II 
(Table 1.1, entry 2).[21, 22] The optimized conditions required pre-formation of the imine and 
cyanoborohydride reduction in a second step and gave the desired pseudodisaccharide (1.13) 
in 61% yield. Other attempts to obtain such good results with other compounds failed, 
however. 
 
Ogawa et al. described a reductive amination for the formation of an N-linked lactose 
analogue (1.14) by the reaction of a 4-amino-4 deoxyglucose (1.10) with a carbasugar C(1) 
ketone (1.7) (Table 1.1, entry 3), but the diastereoselectivity of the reduction was low, with 
the α-linked compound (1.15) formed in approximately the same amount as the desired β 
product.[23] 
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Table 1.1. Reductive amination with carbasugar C(1) ketones. 
 
 
 
 
                                                                                                                              Introduction 
13 
1.2.3. Halide displacement 
 
Direct SN2 alkylation is not usually a recommended method for the synthesis of 
secondary amines because of overalkylation by-products that are usually formed. However, 
in the systems described below, overalkylation has not been described and it is unlikely to 
be a problem, due to the low nucleophilicity of the secondary amine nitrogen for both steric 
and electronic reasons. 
In fact, some of the first syntheses of N-linked carbasugar pseudodisaccharides were 
achieved by alkylation of amines with carbasugar allyl bromides. The allylic nature of the 
bromides presumably enhances their reactivity to the extent that an alkylation reaction is 
possible; SN2 displacement of carbohydrate halides is not normally straightforward. 
Ogawa et al. coupled together a primary allylic bromide (rac-1.17) with a carbasugar C(1) 
amine (rac-1.16) to give the coupled products (rac-1.21) in good combined yield.[24, 25] A 
C(1) allylic bromide (rac-1.18) coupled with the carbasugar C(1) amine (rac-1.16) to give 
the β products (rac-1.22), as a mixture of two diastereomers, both racemic, combined yield 
40%), i.e., with inversion of configuration at C(1). 
Kuzuhara and co-workers coupled an α,β-mixture of bromides (1.19) with a 4-amino-4-
deoxyglucose disaccharide (1.20)[26] obtaining an α,β-mixture of products (1.23). 
 
1.2.4 Palladium-catalyzed allylic coupling 
 
C-5=C-5a unsaturated carbasugars bearing halide at C(1) were used to synthesize N-
linked pseudodisaccharides by means of a transition-metal-catalysed allylic amination 
reaction. Shing et al. developed this idea, using allylic chlorides as the electrophilic coupling 
partner and other C(1) or C(4) amino carbasugars (1.24, 1.26 and 1.25–1.28) as nucleophiles 
(Table 1.3).[27-29] Pseudodisaccharides (1.33–1.39) were formed with retention of 
configuration at the allylic carbasugar C(1) and with minimal elimination by-products under 
the optimised conditions. Outstanding yields of pseudodisaccharide intermediates for 
syntheses of ‘pseudoacarviosin’[28] (a carbasugar analogue of acarviosin) and 
validoxylamine G[29] were obtained by this method (Table 1.3, entries 4 and 5). 
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Table 1.2. Alkylation of amines using carbasugar allylic bromides. (1.21 and 1.22 were formed as mixtures 
of two diastereomers, both of which were racemic. Only one diastereomer is shown.) 
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Table 1.3. Formation of N-linked pseudodisaccharides by palladium catalysis. 
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1.2.5 Triflate displacement 
 
Pseudodisaccharides synthesis may be achieved by means of SN2 reaction between 
carbasugar C(1) nucleophile and carbohydrate triflates. Stick et al. formed imino-linked 
pseudodisaccharides by coupling of unsaturated carbasugar C(1) amines (1.39, 1.37 and 
1.38) with axial C-4 or C-3 carbohydrate triflates (1.40–1.45). Straightforward displacement 
in N,N-dimethyl-2-imidazolidinone (DMI) as solvent gave the xylo- or gluco-configured all-
equatorial products (1.47–1.52) stereospecifically with inversion of configuration (Table 
1.4).[30-34] It was important to have a neighbouring benzoate protecting group and not a 
benzyl ether for good yields to be obtained. 
The 2,3-dibenzylated triflate (analogous to 1.44) gave essentially only the elimination 
products with amine 1.39. In most cases where a neighbouring benzoate was present, the 
coupled products (1.47–1.53) were obtained in reasonable yield (43–56%, Table 1.4, entries 
1–5),[30-33] 
Ether-linked pseudodisaccharides have been synthesized by SN2 reaction between 
carbasugar C(1) alcohols and carbohydrate triflates. The alkoxide nucleophile is a strong 
base, so potential competing elimination reactions must be minimised. 
Paulsen et al. identified triflates that can be used to synthesize 6-substituted glucose (1.65-
1.67) and 4-substituted glucose (1.68-1.72) pseudodisaccharides.[35] The displacement of the 
primary gluco triflate (1.62) by alkoxides derived from various carbasugar C(1) alcohols 
(1.54-1.56) took place in THF at rt, giving the ether-linked (1→6)Glc pseudodisaccharides 
(1.65-1.67) in excellent yield (Table1.5, entries 1–3).[35] The alkoxides were generated from 
the alcohols and NaH, but KOt-Bu could also be used in combination with 18-crown-6. 
The synthesis of pseudodisaccharides containing 4-substituted glucose was more 
difficult; the reaction products are sec–sec ethers, and SN2 is expected to be more difficult 
at a secondary than a primary carbon, while competing elimination does not suffer the same 
steric constraint.  
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Table 1.4. Formation of N-linked pseudodisaccharides and pseudotetrasaccharides by reaction of carbasugar 
C(1) amines with carbohydrate triflates. 
 
Therefore, the conformationally locked (1C4) 1,6-anhydrogalactose derivative (1.63) with 
an equatorial C-4 triflate was used instead; here the antiperiplanar relationship of H and OTf 
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is avoided, thus disfavouring a competing elimination pathway. Some ether-linked 
pseudodisaccharides (1.68-1.72) could be synthesized from the corresponding alcohols (1.54 
and 1.57-1.60) by this method adding DMF or HMPA as co-solvent in order to improve the 
yields (Table 1.5, entries 4–8).[35,36] 
This approach to pseudodisaccharides requires triflates that will not easily undergo 1,2-
elimination even under strongly basic conditions, which constitute a limit for the 
applicability of this method. 
 
 
 
Continued on next page    
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Continued 
 
Table 1.5. Ether-linked pseudodisaccharides synthesis by triflate displacement 
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1.2.6 Epoxide opening 
 
Epoxide opening is a very versatile synthetic strategy that permits the attack of a 
nucleophile at an electrophilic carbon leading to a 2-substituted alcohol. Ogawa et al. have 
been studying the possibility to achieve pseudodisaccharides through this synthetic pathway. 
The coupling of amines and epoxides has been widely used for the synthesis of N-linked 
pseudodisaccharide or higher pseudooligosaccharide structures. 
The coupling reactions of epoxides take place under rather forcing reaction conditions: 
elevated temperatures, typically 120°C in alcoholic solvents, in a sealed tube for several 
days. β-manno-configured 5a-carba-1,2-epoxides (1.74 and 1.75) were opened 
stereospecifically and with excellent regioselectivity by carbohydrate amines (1.76-1.82) to 
give good yields of α-manno-configured imino-linked pseudodisaccharides and 
pseudotrisaccharides (1.83-1.88; Table 1.6).[37, 38] Tribenzylated (1.74) and unprotected 
(1.75) epoxides have both been used. The reaction was efficient enough for a branched 
pseudotrisaccharide (1.83) to be formed (Table 1.6, entry 1).[37] Indeed, a monomeric 
substrate with two amino groups (1.79) reacted with two equivalents of epoxide (1.74) to 
give the same pseudotrisaccharide in good yield (Table 1.6, entry 4).[37] The formation of 
regioisomeric products from β-manno 1,2-carbasugar epoxides has not been reported. This 
may be due to the following factors: attack at C(1) (to give α-manno-configured carbasugar 
pseudodisaccharides) results in trans-diaxial opening as favoured by the Fürst–Plattner 
guidelines, so is stereoelectronically favourable; C(1) is flanked by an electron-rich 
methylene group whereas C(2) is flanked by a carbon bearing an electron-withdrawing 
group, so SN2 is electronically favoured at C(1) over C(2); the groups flanking C(1) are 
smaller than those flanking C(2) so attack at C(1) may be favoured also from a steric point 
of view. 
                                                                                                                              Introduction 
21 
 
Table 1.6. Synthesis of 1,2-trans α-manno imino-linked pseudodisaccharides and pseudotrisaccharides by 
opening of saturated β-manno 1,2-anhydro carbasugars 
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The reactions of α-gluco carbasugar epoxides (1.89-1-93) with amines (1.94-1-100) to 
give epoxide-opened coupling products (1.101-1-111; Table 1.7)[39-43] are reported to be 
generally slower than those for the carbamannosides, and the yields tend to be lower. 
Regioselectivity is an issue in such reactions and regioisomeric mixtures of products were 
formed in some cases (Table 2, entries 2 and 6).[39-41] A benzylated α-galacto epoxide (1.89) 
ring-opened with the attack only at C(2) (trans-diaxial product (1.101); Table 2, entry 1), a 
benzylidene-protected gluco 1,2-epoxide (1.90) gave a mixture of the products of C(2) attack 
(1.102) and C(1) attack (1.103) (Table 2, entry 2), while 3,4-isopropylidene-protected 
galacto derivatives (1.91 and 1.92) gave mostly or exclusively C(1) attack (Table 2, entries 
3–7). A 3,4-cyclohexylidene 6-deoxygalacto epoxide (1.93) also gave exclusive C(1) attack 
(Table 2, entry 8), leading to the formation of a 1,1-linked di-L-fucoside (1.111).[43] The α-
gluco/galacto type epoxides. Fürst–Plattner favoured trans-diaxial opening would arise from 
a C(2) attack, which would not lead to a carbadisaccharide product. The generally slower 
reactions and lower yields in this series than in the α-manno-forming reactions can be put 
down to the conflict between the sterically and intrinsically electronically favoured attack at 
C(1) (both due to C(1) being flanked by the small and relatively electron-rich methylene 
group) and the energetically demanding stereoelectronic requirement to reach a far-from-
ground-state conformation at the transition state to enable trans-diaxial opening before 
reverting to a more favoured diequatorial ground state again for the product. 
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(Continued) 
 
Table 1.7. Synthesis of 1,2-trans β-gluco and β-galacto N-linked pseudodisaccharides by opening of 
saturated α-gluco or α-galacto 1,2-anhydro carbasugars 
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Ogawa et al. have shown that epoxide opening can be used to form ether-linked 
pseudodisaccharides and pseudotrisaccharides. Contrary to 1,2-carbasugar epoxides ring 
opening with amines, a catalyst is required if the reactant is an alcohol. β-manno-configured 
carbasugar 1,2-epoxide (1.74) was opened by a primary carbohydrate 
alcohol (1.113) to form an ether-linked carbasugar pseudodisaccharide (1.129) (Table 12, 
entry 1) in Lewis acidic conditions (BF3∙OEt2), but the same catalyst could not promote the 
reaction with a secondary alcohol (1.116).[45] Basic conditions were required for the 
achievement of the coupling with 1.116: the epoxide was heated with the secondary alcohol 
in DMS with base in excess and the reaction lead to the coupling products in 35% yield. 
Higher yields were obtainable adding a crown-ether to the reaction mixture. Two β-manno-
configured carbasugar 1,2-epoxides (1.74 and 1.112) were used, and these coupled with 
primary or secondary carbohydrate alcohols, (1.114–1.118 and 1.119–1.128) to give the 
corresponding pseudodisaccharides (1.130–1.132, 1.134 and 1.135a-k) or 
pseudotrisaccharide (1.133) in good yields and with excellent regioselectivity for the trans-
diaxial-opening products (Table 1.8, entries 12–17).[37, 39-41, 44-51] 
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(Continued on next page) 
                                                                                                                              Introduction 
27 
(Continued)
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(Continued)
 
 
Table 1.8. Formation of pseudodisaccharides and pseudotrisaccharides by opening of 1,2-
epoxides 
 
Attempts to obtain β-galacto- or β-gluco-configured carbasugar pseudodisaccharides by 
analogous transdiequatorial opening of the corresponding α-carbasugar epoxides with 
alcohol nucleophiles failed, which contrasts with the results with amines, where imino-
linked pseudodisaccharides could be formed from such epoxides (vide supra). Only complex 
mixtures of elimination products were seen when α-galacto and α-gluco 1,2-epoxides (1.89–
1.91) were heated with alcohols and base in DMF. Even a simple model alcohol, octanol, 
gave the coupling product in only 5% yield. [39-40] 
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1.2.6 Epimerisation at C(1) and C(2): a possible solution for 
diasteroselectivity issues 
 
Due to the scarse reactivity and regioselectivity of their opening, carbapyranose 1,2-
epoxides with α-gluco configuration were not found suitable for the synthesis of 5a-carba-
D-β-glucosides and Professor Seiichiro Ogawa’s group developed a method to bypass this 
problem, exploiting epimerisations of C(1) (Scheme 1.1). [39-41, 47-51] 
Oxidation of the free carbasugar OH-2 (1.136) gave the C(2) ketone (1.137), which could 
be epimerised at C(1) under basic conditions to give a mixture of α- and β-carbahexuloses 
(1.137 and 1.138), which were separated, and which usually contained the β isomer (1.138) 
as the major component. Reduction of the α-configured C(2) ketone (1.137) gave then 
mixtures of gluco- (1.139) and manno- (1.136)-configured α-linked carbasugar 
pseudodisaccharides, while reduction of the β-configured C(2) ketone (1.138) gave mixtures 
of the gluco-(1.140) and manno- (1.141) β-linked carbasugar pseudodisaccharides; 
Different reduction conditions often gave different diastereoselectivities, as shown in 
Scheme 1.1. This method, however, requires various steps that lower the yieldsof the 
process. 
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Scheme 1.1. Epimerisation of C(1) and/or C(2) after pseudodisaccharide formation. 
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2. STATE OF THE ART 
 
As explained in the introduction, carbapyranose 1,2-epoxides with the β-manno 
configuration 2.1β are opened efficiently with excellent regioselectivity by O- and N-
nucleophiles. These epoxides are subjected by attack at C(1) that results in trans-diaxial 
opening as favoured by the Fürst-Plattner guidelines giving 1,2-trans-diaxial carba-α-
mannose derivatives. The regioselectivity is due to steric and electronic reasons: the C-1 is 
flanked by a small electron-rich methylene group while C(2) is flanked by a bulky electron-
withdrawing ether which makes the attack at C(2) unfavourable by its steric hindrance 
(Scheme 2.1). 
 
 
 
Scheme 2.1: Sterically and electronically favoured nucleophilic attack to epoxide 2.1β. 
 
On the contrary, carbapyranose 1,2-epoxides with α-gluco configuration 2.1α do not give 
such good results: the opening process, extremely more difficult, is not regioselective and 
leads to low yields when it is possible. 
The generally slower reactions and lower yields in this series can be put down to the 
conflict explained below: actually, in 2.1α the attack at C(1) carbon, that would be sterically 
and electronically favoured [both due to C(1) being flanked by the small and relatively 
electron-rich methylene group], leads to an unfavourable trans-diequatorial ring-opening 
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(route a), whereas the attack at C(2) oxirane carbon, that would lead to a trans-diaxial 
opening (route b) is sterically hindered and electronically unfavourable (Scheme 2.2). 
 
 
Scheme 2.2: The two regioisomeric routes for nucleophilic attack to epoxide 2.1α. 
 
As a result, epoxide 2.1α, which could reasonably be an effective β-carbaglucosyl donor 
for the synthesis of glycoconjugates bearing a β-carbaglucosidic bond, has been so far 
practically and unfortunately (2.1α is often the main product by oxidation of the 
corresponding olefin) not useful for this purpose. 
Despite of this, carbapyranose 1,2-epoxides with α-gluco configuration, such as 2.2, 
theoretically turn out to be very useful for the synthesis of pseudosaccharides and 
pseudodisaccharides, such as 2.3, with pseudo-gluco configuration on carbapyranose unit 
(Figure 2.1). 
 
Figure 2.1: Carbapyranose 1,2-epoxide precursor of pseudosaccharide 2.3. 
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From previous studies conducted in the laboratory where I have worked for my thesis, it 
was observed that carbapyranose 1,2-epoxides with α-gluco configuration react in acidic 
conditions to give trans-hydroxy adducts with O-nucleophile. Several acidic conditions were 
screened on epoxide 2.4α and the results showed that the oxirane opening yielded complex 
mixtures constituted by C-1 and C-2 adducts (2.5 and 2.6 respectively), a byciclic undesired 
by-product (2.7), and other products obtained when the acid catalyst was a possible, even if 
weak, nucleophile such as TsOH (2.8).  
Table 2.1. Acid Methanolysis of 1,2-epoxide 2.4α. 
 
 
 
Entry Reaction conditions C(1)-
adduct 2.5 
C(2)-
adduct 2.6 
C(1)-
adduct 2.8 
Bicyclic 
compound 
2.7 
1 0.2 N H2SO4/MeOH 40.0% 40.0% - 20.0% 
2 Amberlyst 15/ 
MeOH/CH2Cl2 
- - - >99% 
3 10-3 N TsOH/ 
MeOH/CH2Cl2 
- - 15.0% 85.0% 
4 MeOH/Cu(OTf)2/ 
CH2Cl2 
35.0% 25.0%  - 40.0% 
5 0.7 N TsOH/CH2Cl2 - - 25.0% 75.0% 
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The obtainment of these products can be rationalized in the following way: epoxide 2.4α 
exists in two chair conformations characterized by different energies; conformer 2.4α' is 
reasonably the more stable because of the triequatorial arrangement of the bulky -OBn 
groups. In this conformer 2.4α', nucleophilic attack can occur at the sterically and 
electronically favoured C(1) oxirane carbon through an unfavoured trans-diequatorial 
opening (route a) and/or at the sterically and electronically unfavourable C(2) oxirane 
carbon [because of the presence of the adjacent C(3)-OBn substitution and its -I electron-
withdrawing effect] through a favoured trans-diaxial ring opening (route b). The other 
conformer 2.4α'' is less stable, because of the triaxial arrangement of the hindered -OBn 
groups, but only in this conformer 2.4α'', a completely favoured (sterically and 
electronically) trans-diaxial opening at C(1) can occur (route c).  
Besides requiring the occurrence of a triaxial conformer, route d shows the theoretical 
interference of an undesired intramolecular trans-diaxial addition by an internal nucleophile, 
the oxygen of the ether functionality present in the axial and appropriately disposed C(5)-
CH2OBn group. Following this addition, with supposed elimination of benzyl methyl ether, 
the formation of the bicyclic compound 2.7 can occur (route d, Scheme 2.4).     
 
 Scheme 2.4. Possible routes for nucleophilic attack in the ring opening of 1,2-epoxide 2.2α. 
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In this framework, it is clear that bicyclic compound 2.7 can arise from the less stable 
triaxial conformer 2.4α'' (R = Bn), in which the attack of an internal nucleophile, that is the 
appropriately disposed oxygen of the -OBn group, determines the above described secondary 
addition reaction. All this can occur through the independent route d in which only small 
competition exists with any external O-nucleophile (for example, MeOH in the 
methanolysis).  
The undesired competitive intramolecular addition, leading to bicyclic compound 2.7, 
influenced negatively the yield of the typical ring-opening process. Structural modifications 
to epoxide 2.4α were evaluated in order to eliminate, or at least drastically reduce, the 
interference of the intramolecular reaction.  
Therefore, the C(6)-OBn group was switched firstly with an O-TIPS protective group, 
characterized by the presence of a less basic, potentially less or non-nucleophilic oxygen[10], 
and secondly with a C(6)-O-TBDPS group, a protective group which in addition to the 
presence of a less basic and non-nucleophilic oxygen, presents a consistent steric hindrance. 
Nevertheless, the obtained results in both cases indicated that the secondary reaction 
could not completely be eliminated, but only drastically reduced. 
These results clearly indicated that the undesired competitive intramolecular addition, 
leading to bicyclic compound 2.7, prevented the complete evaluation of the regiochemical 
behaviour of epoxide 2.4α under acid condition. Besides, this secondary undesired reaction 
leading to the bicyclic byproduct 2.7 influenced negatively the yield of the typical ring-
opening process.  
In consideration of this, the first goal in the following studies will be the identification of 
the opportune conditions to completely prevent the formation of byciclic compound 2.7.  
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3. RESULTS AND DISCUSSION 
3.1 Purpose of the thesis 
As previously discussed, ring-opening reactions of carbapyranose 1,2-epoxide with α-
gluco configuration occur with low yields and regioselectivity. Moreover, in the presence of 
a benzyl or silyl substituent on the hydroxyl on C(6) position, when the reaction is acid-
catalyzed, the formation of a byciclic by-product is observed. This undesired competitive 
intramolecular addition prevents the complete evaluation of the regiochemical behaviour of 
epoxide 2.4α under acid conditions, and influences negatively the yield of the typical ring-
opening process.  
Therefore, the possibility to completely prevent the intramolecular cyclization which 
leads to the bicyclic compound 2.7 was evaluated by means of the elimination of the internal 
nucleophile transforming the hydroxyl functionality on C(6) position present in 3.9 into a 
methyl group. 
 
 
Scheme 3.1: the removal of the internal nucleophile prevents the formation of bicyclic 
compound 2.7 
Once the formation of such by-product had been prevented, the focus was laid on the 
evaluation of the possibility to use carbapyranose 1,2-epoxide with α-gluco configuration 
3.12α as an efficient glycosyl donor mimic for the synthesis of carbasugars. 
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3.2 Synthesis of carbapyranose 1,2-epoxide with α-gluco configuration           
…..3.12α 
My thesis project began with the synthesis of epoxide 3.12α. This stereochemistry of this 
epoxide has been obtained by means of several synthetic pathways. Among the various 
approaches available in the literature[52], the conversion of a glycal system into a carbaglycal 
one appeared the most suitable to our purposes. This method, described for the first time by 
Sudha and Nagarajan in 1998[53], exploits a Claisen Rearrangement under thermal 
conditions. The thermal Claisen rearrangement is a [3,3] rearrangement of an allyl vinyl 
ether, which yields a γ,δ-unsaturated carbonyl as illustrated in Figure 3.1.  
 
Figure 3.1. Transformation involved in thermal Claisen rearrangement. 
This transformation is obtained heating olefin 3.7 to 240°C in 1,3-dichlorobenzene in a 
sealed tube. Glycal 3.7, characterized by an endocyclic and an exocyclic carbon-carbon 
double bonds, is an allyl vinyl ether which can be subjected to this rearrangement. In fact, 
heating an allyl vinyl ether in an appropriate solvent determines the cleavage of molecular 
bonds to form new bonds of a more thermodynamically stable compound, an aldehyde, 
making the reaction, unlike other sigmatropic rearrangements, inherently irreversible. 
Moreover, despite of the bonds rearrangement, the stereochemical configuration remained 
unchanged because of the reaction mechanism, as illustrated in Scheme 3.2. 
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Scheme 3.2. Claisen thermal rearrangement of glycal system 3.7. 
 
Aldehydic C(1) carbon of the obtained aldehyde 3.8 derives from the C(1) of the 
endocyclic carbon-carbon double bond of olefin 3.7. 
Accordingly, tri-O-acetyl-D-glucal (+) 3.1, the compound chosen as starting material for 
our purposes, needed to be converted in the allyl vinyl ether 3.7 before it might be subjected 
to the thermal Claisen rearrangement (Scheme 3.3). The reasons that led to the choice of 
such starting material may appear clear observing the stereochemistry of such compound: 
this and the α-gluco-configured epoxide are stereochemically superimposable on C-3, C-4, 
and C-5, and as previously discussed in the text, the Claisen rearrangement occurs with 
retention of configuration in this system.  
 
Scheme 3.3. Tri-O-acetyl-D-glucal (+) 3.1 as precursor of olefine 3.7. The allyl vinyl ether functionality is 
underlined. 
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Moreover, tri-O-acetyl-D-glucal (+) 3.1 is commercially available as pure enantiomer, so 
that the enantiomeric purity of the target carbasugar system is guaranteed from the starting 
glycal system. 
The synthesis of the olefin 3.7 is reported in Scheme 3.4, and exploited an efficient 
orthogonal protection-deprotection strategy. 
 
 
Scheme 3.4. Synthesis of allyl vinyl ethereous intermediate 3.6. 
 
The first reaction was the complete saponification of tri-O-acetyl-D-glucal (+) 3.1 using 
MeONa/MeOH to give D-glucal 3.2. The obtained triol 3.2 was then subjected to a selective 
protection of the primary hydroxyl functionality at C-6 as tert-butyl-dimethylsilyl ether. The 
selectivity is due to the TBSCl steric hindrance that determines its preference for primary 
over secondary alcohols, even in the presence of the allylic hydroxyl group in the C(3) 
position. The reaction was performed at room temperature in THF with DMF as co-solvent, 
and in the presence of 2.0 equivalents of imidazole, to afford the silyl ether-derivative 3.3. 
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The two remaining free hydroxyl groups had to be protected in view of the subsequent 
reactions of the synthetic pathway. The choice fell on benzyl ether among the protecting 
groups described in the literature by virtue of a series of advantages that suited to our 
purposes. First, -OBn is an easily-introducing, stable in many reaction conditions 
functionality (oxidation, high temperature heating, Lewis acidic conditions were to occur 
from there shortly), second, the presence of such group would have permitted the obtainment 
of α-gluco epoxide 3.12α as main product of epoxidation, as discussed later in this text. 
Thus, trans-diol 3.3 was subjected to benzylation by means of benzyl bromide (BnBr) in 
anhydrous THF to afford compound 3.4. Tetrabutylammonium iodide (TBAI) was necessary 
both as a transfer phase catalyst to improve the diol’s solubility in THF, and to prevent the 
silyl group to shift from the C-6 to one of the other hydroxyl groups on C-3 and C-4. 
To synthesize the allyl vinyl ether, the C-6 position had to be deprotected. The reaction 
that would have given alcohol 3.5, was firstly performed by a protocol that was already in 
use in the laboratory: the silyl ether 3.4 reacted with tetrabutylammonium fluoride (TBAF) 
in THF at 0°C. However, the desilylation was slow and often not complete. However, 
performing the reaction at room temperature, the results were excellent because the reaction 
not only was faster, but it also went to completion improving the yield from 29.8% to 67.6%. 
Another attempt was made using an AcOH/THF/H2O (1.5:2:1 ratio) protocol at 45°C, but 
the results were unsatisfactory because the reaction time was excessively long (over 24 
hours), and even if the yield (37.8%) was higher than in the first protocol, it was lower than 
in the TBAF/rt one. 
Entry Protocol temperature Reaction time Yield 
1 TBAF/THF 0°C 7 hours 29.8% 
2 TBAF/THF rt 2 hours 67.6% 
3 AcOH/THF/H2O 45°C 24 hours 37.8% 
 
Table 3.1. Comparison between different desilylation protocols. 
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Primary alcohol 3.5 was purified by means of flash chromatography before it could be 
subjected to oxidation to give aldehyde 3.6. The protocol described by Sudha and Nagarajan 
obtained this reaction by means of pyridinium dichromate (PDC) in dichloromethane, 
yielding 65% of aldehyde. However, PDC, as Chromium (VI) compound, is toxic and must 
be handled with care. Due to the risks and the not excellent yield, the decision to evaluate a 
greener and more efficient alternative was taken. IBX was the chosen oxidizing agent 
because it selectively oxidizes alcohols to aldehydes with no risk to observe either their 
transformation in carboxylic acids or the cleavage of carbon-carbon double bonds, resulting 
suitable to our purposes. Moreover, a new environmentally safe procedure for its synthesis 
have been developed recently [53]. The reaction was performed in anhydrous ethyl acetate at 
75°C using 3.0 equiv. of IBX, and after 24 hours the aldehyde 3.6 was obtained in 99% yield, 
improving the previously described procedure. This compound is not stable and after the 
work-up process (filtration on Celite® pad) it should be immediately subject to reaction; 
otherwise it can be stored in dry ice for at most 36 hours. 
Subsequently, allyl vinyl ether 3.7 was obtained by means of Wittig reaction on aldehyde 
3.6 in anhydrous THF. The necessary ylide was generated in situ by the reaction between a 
phosfonium salt and an appropriate strong base. Methyl-triphenylphosphonium iodide (MeI-
Ph3P
+) was the chosen reactant in order to introduce a terminal methylene group, while 
potassium and lithium hexamethyldisilazide were screened as base to generate the ylide. The 
results showed the same yield and reaction time in both cases, so LHMDS was chosen due 
to its greater availability in the laboratory. The work-up procedure which was used had been 
previously developed in the laboratory I have worked in, and permit to obtain olefin 3.7, 
practically pure as a clear liquid with no need of a further flash chromatographic purification. 
The reaction mixture, in fact, was filtered on a Celite® pad, washed in a separatory funnel 
with saturated aqueous solution of NH4Cl, saturated aqueous solution of NaHCO3, and brine. 
The organic layer was dried with (Na2SO4), concentrated, filtered on a silica gel pad, and 
then evaporated leading to the desired olefin. 
As previously discussed, the allyl vinyl ether 3.7 was subjected to a thermal Claisen 
rearrangement in order to transform the glycal system in its carba-analog 3.9 (Scheme 3.5).  
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Scheme 3.5. Claisen thermal rearrangement of olefin 3.7, and subsequent reduction of the obtained aldehyde 
3.8. 
1,3-Dichlorobenzene was chosen as solvent due to its polarity and high-temperatures 
stability. The reaction was performed in a sealed tube at 240°C for 1 hour and yielded 
aldehyde 3.8, with retention of configuration that, as previously discussed (vide supra, 
Scheme 3.2), is due to the reaction mechanism. Aldehyde 3.8 is unstable, and consequently 
had to be immediately subjected to reduction with NaBH4 in THF/EtOH in 2:1 ratio for 10 
minutes giving the primary alcohol 3.9. 
The following reactions were performed in order to remove the hydroxyl group, and then 
to oxidize the carbon-carbon double bond to the desired epoxide 3.12α (Scheme 3.5). 
 
 
Scheme 3.5. Synthesis of epoxide 3.12α. 
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The hydroxyl group removal was obtained by means of its conversion in a tosylate and 
its subsequent reduction with LiAlH4. The tosylation was performed in pyridine with tosyl 
chloride under stirring at room temperature for 24h, but the yield was lowered during the 
acidic work-up. Thus, a new work-up was developed, consisting in the simple co-
evaporation of pyridine with toluene, followed by a flash chromatography purification of the 
crude reaction mixture (85% yield).  
The tosylate 3.10 thus obtained was then subjected to a reduction of the -CH2OTs 
functionality on C(6) to give the desired methyl group. The treatment with LiAlH4, in fact, 
consisted in a nucleophilic substitution where the tosylate acted as leaving group, while the 
nucleophile was the hydride anion. The reaction was performed in anhydrous Et2O for 7 
hours at 0°C and gave the methyl-derivative 3.11. 
Compound 3.11 was then subjected to epoxidation by means of m-chloroperoxybenzoic 
acid (MCPBA) in anhydrous dichloromethane. The reaction resulted in two diasteroisomeric 
compounds, (+)-3.12α and (+)-3.12β in 8:2 ratio, characterized by α-gluco and β-manno 
configuration respectively. The reasons of such partial diasteroselectivity are discussed 
herein. 
As illustrated in Scheme 3.6, MCPBA may approach to the olefin functionality both from 
above and below the molecular plane, and reacting through a butterfly mechanism, it gives 
the (+)-3.12β and (+)-3.12α epoxides respectively. 
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Scheme 3.6. Epoxidation mechanism of methyl-derivative 3.11. 
 
The presence of the benzylic group steric hindrance at C(3) above the molecular plane 
determines a preference for the below-the-plane-approach over the above-the-plane-
approach, resulting in a predominant amount of epoxide 3.12α, which is the subject of the 
ring-opening reactions that have been studied during this thesis work. Therefore, this result 
further justifies the choice of the bulky benzylic ether as protecting group for the hydroxyl 
functionalities, as previously discussed. However, the absence of such steric hindrance and 
the presence of a free allylic hydroxiyl group is described in the literature as giving a 
preference for the obtainment of the β-manno-configured epoxide, and not a 50:50 ratio as 
it may be expected (Scheme 3.7).[55]  
 
 
Scheme 3.7. Epoxidation of triol 3.13. 
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This outcome is due to a coordination effect between the peracid and the hydroxyl group 
at the allylic position, that directs the MCPBA above the plane of the carbon-carbon double 
bond. 
 
Scheme 3.8. Epoxidation mechanism for triol 3.13. 
 
Epoxides (+)-3.12α and (+)-3.12β were isolated by means of flash chromatography by 
virtue of their different retention factor (3.12α: Rf = 0.40 in 8:2 hexane/AcOEt; 3.12β Rf = 
0.26).  
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3.3 Ring-opening reactions of epoxide 3.12α 
 
Once epoxide 3.12α was obtained, ring-opening reaction under Lewis acidic conditions 
were performed in order to evaluate its regio- and stereochemical behaviour. Methanolysis 
was the chosen reaction to evaluate first if the removal of the internal nucleophile at C(6) 
was effective in preventing the formation of the bicyclic compound which was obtained as 
by-product in the preliminary studies (see state of the art, Chapter 2), and second if the regio- 
and stereoselectivity of the ring-opening reaction was influenced by the removal of  this 
group. 
Among the possible ring-opening reaction conditions, the protocol which uses 
MeOH/CH2Cl2/Cu(OTf)2, with low amount of nucleophile (3.0-4.0 equiv.), was chosen 
because it is easily applicable to a broad range of O-nucleophile. The treatment of epoxide 
3.12α under MeOH/CH2Cl2/Cu(OTf)2 reaction conditions afforded an almost 1:1 mixture of 
the corresponding not separable regioisomeric α-methoxy alcohols 3.15 and 3.16 which were 
separated by preparative TLC and completely characterized by means of the corresponding 
acetates (+)-3.15-Ac and (+)-3.15-Ac (Scheme 3.9). 
  
Scheme 3.9: Cu(OTf)2-catalyzed methanolysis of methyl-substituted epoxide 3.12α. 
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Therefore, even if in this case, as desired, the formation of a bicyclic compound, such as 
2.7, was not observed, the reaction was still not regioselective (the α-methoxy alcohols 3.15 
and 3.16 were obtained in a 1:1 ratio). This could indicate that methyl-substituted epoxide 
3.12α commonly reacts through three independents routes by means of the corresponding 
triequatorial 3.12α' and triaxial 3.12α'' conformers: both C(2)- (3.16) and C(1)-addition  
(3.15) products arise from triequatorial conformer 3.12α' by trans-diaxial (route b) and  
(disfavoured) trans-diequatorial (route a) opening process, respectively, and routes a and b 
are at the same time so equally favoured or unfavourable by steric or electronic 
considerations that a non-regioselective results is appropriately obtained. Moreover, in this 
case, in absence of an internal nucleophile on C(6) position, the small amount of triaxial 
conformer 3.12α'' can undergo only the attack of the external nucleophile MeOH to produce, 
by a favoured trans-diaxial ring opening process (route c), the α-methoxy alcohol 3.15 
(Scheme 3.10). 
 
Scheme 3.10. Possible ring opening routes of nucleophilic attack to 1,2-epoxides (+)-3.12α. 
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At this point it was interesting to study the regio- and sereoselectivity of nucleophilic 
addition reactions with more hindered alcohols, in order to investigate if the nature of the O-
nucleophile could, in some way, influence the regioselectivity of the attack. 
In order to evaluate the effect of the nucleophile’s steric hindrance on the ring-opening 
reaction, epoxide 3.12α was first treated under i-PrOH (4 equiv.)/CH2Cl2/Cu(OTf)2 reaction 
conditions; 1H NMR of the crude reaction mixture showed that both regioisomeric α-i-
propoxy alcohols 3.17 and 3.18 were formed in a 1:1 ratio (Scheme 3.11), which were 
subsequently separated by preparative TLC to confirm their structure (NMR). 
 
Scheme 3.11. Ring-opening reaction of epoxide 3.12α with i-PrOH. 
 
Epoxide 3.12α was treated under t-BuOH (4 equiv)/CH2Cl2/Cu(OTf)2 reaction 
conditions; 1H NMR of the crude reaction mixture showed, as expected, that bicyclic 
compound 2.7 was not present, but that both regioisomeric α-t-buthoxy alcohols 3.19 and 
3.20 were formed in a 2:1 ratio (Scheme 3.12); the two α-t-buthoxy alcohols were separated 
by preparative TLC and completely characterized. Thus, the reaction of epoxide 3.12α with 
t-BuOH presented an interesting, even if incomplete, regioselectivity in favour of C(1)-
adduct. 
 
 
Scheme 3.12. Cu(OTf)2-catalyzed ring opening of epoxide 2.31α by t-BuOH. 
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This experimental result complied with the hypothesis that a hindered nucleophile would 
have attacked preferentially the sterically favoured position, the C(1) oxirane carbon, which 
is not flanked by the bulky -OBn group. The fact that α-t-buthoxy alcohol 3.19 was the 
principal product of this reaction confirmed this thesis. 
Nevertheless, a complete regioselectivity was not obtained, so that the behaviour of a less 
reactive and more hindered O-nucleophile, p-methoxyphenol, was evaluated in the ring-
opening process. Epoxide 3.12α was treated with p-methoxyphenol (3 
equiv)/CH2Cl2/Cu(OTf)2 under the usual protocol. After 24h an excellent result was 
obtained, since the 1H NMR of the crude of reaction showed α-p-methoxyphenoxy alcohol 
3.21 as the only obtained product, indicating that the nucleophile attack occurred exclusively 
at C(1) (Scheme 3.13). This regioselectivity is probably due to the steric hindrance and less 
nucleophilic character of p-methoxyphenol, that impedes its attack on the sterically and 
electronically unfavourable C(2)-position. In other words, these experimental evidences 
underlines that, using a hindered O-nucleophile, steric and electronic factors weight more on 
determining the process regioselectivity, compared to Fürst-Plattner guide-lines. 
 
Scheme 3.13: Cu(OTf)2-catalyzed ring opening of epoxide 3.12α by p-methoxyphenol. 
 
Subsequently, more complex O-nucleophiles were screened in the ring-opening reactions 
of carbapyranose 1,2-epoxide with α-gluco configuration. The focus was laid on 
commercially available, or freshly synthesized sugar derivatives in order to evaluate the 
possibility to obtain pseudodisaccharides by means of the ring-opening reactions.  
The first attempt was performed with a commercially available primary alcohol, 
diacetone-D-galactose 3.22 (Scheme 3.14). The reaction was performed under the usual 
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CH2Cl2/Cu(OTf)2 protocol. Therefore, epoxide 3.12α was solubilized in anhydrous 
dichloromethane under argon atmosphere. diacetone-D-galactose 3.22 (4 equiv.) was added 
to the reaction mixture, and Cu(OTf)2 (0.4 equiv.) was added as catalyst. After 3 days at 
room temperature, the reaction allowed to obtain the two regioisomers 3.23 and 3.24 in 55:45 
ratio (1H-NMR), which were purified by means of preparative TLC (DCM/i-Pr2O 8:2). The 
acetylation of such compounds permitted to attribute the correct stereo- and regiochemistry 
of the products (NMR).  
 
Scheme 3.14. Ring-opening reaction of epoxide 3.12α with diacetone-D-galactose 3.22, and acetylation of 
the products. 
 
 
 
                                                                                                             Results and Discussion 
51 
This result shows that the ring-opening reaction of α-gluco-configured carbaepoxides, 
such as 3.12α, can be performed in Lewis acidic conditions to obtain pseudodisaccharides, 
however, the regioselectivity of the reaction is not complete. 
A second study was performed using as O-nucleophile the carba-primary alcohol 3.9, 
synthetic precursor of epoxide 3.12α. 
 
Scheme 3.15. Ring-opening reaction of epoxide 3.12α with primary alcohol 3.9, and acetylation of the 
products. 
 
Epoxide 3.12α was treated with compound 3.9 (4 equiv.)/CH2Cl2/Cu(OTf)2 under argon 
atmosphere, and after 5 days the reaction mixture was subjected to preparative TLC (8:2 
hexane/AcOET), by means of which the two regioisomers 3.25 and 3.26 were obtained pure 
in 54:46 ratio (1H-NMR), and the unreacted nucleophile was recovered. The correct stereo- 
and regiochemistry of compounds 3.25 and 3.26 were attributed by the analysis of the 1H-
NMR spectra of their acetylated derivatives 3.25-Ac and 3.26-Ac. The obtainment of this 
adducts is interesting since they represent pseudodisaccharides constituted by two 
carbasugars moieties, one of which present an alkene functionality that could be elaborate 
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in order to obtain more complex compounds, as pseudodisaccharides with exact 
configurations. 
This possibility to obtain further elaborable pseudodisaccharides led to the evaluation of 
a D-glucal derivative as O-nucleophile, such as the primary alcohol 3.29. Its synthesis started 
from the trans-diol 3.3, synthesized as previously described from tri-O-acetyl-D-glucal 3.1 
(Scheme 3.16).  
 
 
Scheme 3.16. Synthesis of primary alcohol 3.29. 
 
The silyl derivative 3.3 was subjected to a further selective silylation at the C(3) hydroxyl 
functionality with t-butyl(chloro)diphenylsilane (TBDPS-Cl). The regioselectivity of the 
reaction at the C(3) over the C(4) position was due to the greater reactivity of the allylic 
position, and permitted to obtain the secondary alcohol 3.27 as the only product. The reaction 
was performed at rt in anhydrous DMF for 24h; 2.0 equivalents of imidazole were requested 
to form the real silyl transferring agent. This compound was purified by flash 
chromatography and then subjected to mesylation at the C(4) hydroxyl group with 
methanesulfonyl chloride in anhydrous pyridine. The reaction was performed overnight at 
0°C, and the pyridine co-evaporation with toluene yielded the mesylate derivative 3.28 as 
the only product. Protecting the C(3) and C(6) hydroxyl group as different silyl ethers 
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permitted to selectively deprotect the C(6) in order to obtain the primary alcohol 3.29 which 
was intended to be used as O-nuclephile in the ring-opening reaction of epoxide 3.12α. The 
deprotection was obtained stirring the mesylate derivative 3.28 in absolute ethanol with 0.3 
equivalents of pyridinium p-toluenesulfonate for 24 hours at room temperature. In these 
reaction conditions, in fact, TBDPS ethers are stable, contrary to TBS ones, which undergo 
the cleavage of the Si-O bond. Compound 3.29 was purified by means of flash 
chromatography, so that it could be used in the ring-opening reaction of epoxide 3.12α. The 
reaction, performed under the usual CH2Cl2/Cu(OTf)2 protocol, afforded a crude reaction 
mixture constituted by products of the degradation of compound 3.29, without observation 
of any products of the ring-opening reaction (Scheme 3.17). 
 
Scheme 3.17. Ring-opening reaction of epoxide 3.12α with primary alcohol 3.29. 
The last study in the ring-opening reaction of epoxide 3.12α under the CH2Cl2/Cu(OTf)2 
was performed with the commercially available diacetone-D-glucose 3.30. As a sterically 
hindered secondary alcohol, it was supposed to react with a greater regioselectivity at the 
C(1) oxirane carbon. Unfortunately, this sugar resulted to be unstable in the reaction 
conditions CH2Cl2/Cu(OTf)2 (0.4 equiv.), leading to a complex mixture whose composition 
requires further investigation (Scheme 3.18). 
 
Scheme 3.18. Ring-opening reaction of epoxide 3.12α with diacetone-D-glucose 3.30. 
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Finally, the possibility to better direct the regiochemistry of the ring-opening reaction 
regardless of the nature of the used nucleophile, was evaluated. 
Observing the ring-opening reaction mechanism, a possibility to promote the nucleophilic 
attack at C-1 was identified in the modification, at least partial, of the conformers population 
toward the triaxial conformer 3.12α'', which leads to the C-1 adduct through the route c 
illustrated in Scheme 3.10 (vide supra). This result could have been achieved using strongly 
coordinating reaction conditions, by means of a chelating metal cation such as Li+ (from 
LiClO4) which would have stabilized the triaxial conformer through bidentate chelation 
(3.12α''-Li) (Scheme 3.19). Subsequent nucleophilic attack on 3.12α''-Li would have 
necessary occurred at C(1), following a trans-diaxial opening process, with the formation of 
the desired pseudo-β-O-glycoside 3.15.  
 
 
 
 
Scheme 3.19. Ring opening at C(1) in nucleophilic addition of MeOH to epoxide 3.12α in the presence of 
LiClO4 . 
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In order to verify this hypothesis, epoxide 3.12α was treated with a suspension of LiClO4 
in methanol, where MeOH acted at the same time as nucleophile and as solvent. The 
resulting reaction mixture was stirred for 7 days at 80°C affording, as the only reaction 
product, the methoxy alcohol 3.15 (1H NMR), derived from C(1) attack of the nucleophile. 
The exact regiochemistry of the methoxy alcohol was confirmed by its transformation into 
the corresponding acetate 3.15-Ac. Therefore, this result confirmed the initial hypothesis: in 
presence of an ion with chelating properties, such as Li+, the ground-state equilibrium of 
epoxide 3.12α could be shifted toward the less stable triaxial conformer 3.12α'', in which 
oxirane oxygen and -OBn group on C(3) position were appropriately disposed to form a 
bidentate chelate system with Li+. As already demonstrated, conformer 3.12α'' reacts with 
nucleophile only at C(1) oxirane carbon, because it is the sterically and electronically 
favoured position and, furthermore, ring opening process occurs through a trans-diaxial 
transition state, according to Fürst-Plattner rule. 
At this point of my thesis work, we had sufficient information about reactivity of carba 
1,2-epoxides with α-gluco configuration with a small and quite good O-nucleophile such as 
MeOH. With this important consideration my thesis work ended; next researches will aimed 
to find and optimize the coordinating reaction conditions in order to apply them in a more 
general and synthetically useful protocol, appropriate for every kind of nucleophiles. Indeed, 
the coordinating reaction conditions we successfully used are not easily applicable in 
reactions with alcohol different from MeOH, because they require the use of an alcohol 
which acts at the same time as nucleophile and as solvent. On the contrary, a protocol which 
allows the use of low amount of nucleophile would be more interesting. For this purpose, 
the choice of adequate solvent and reaction conditions represents a crucial point. 
 
                                                                                                                            Experimental 
56 
4. EXPERIMENTAL 
 
Materials: MeONa, 0.5 M KHMDS in THF, TBSCl, 1.0 M TBAF in THF, MeOH, t-
BuOH, tri-O-acetyl-D-glucal, Ph3PMeI, BnBr, TBAI, 1,3-dichlorobenzene, diacetone-D-
galactose, diacetone-D-glucose, AP 100 Silicone oil, LiAlH4, Cu(OTf)2, 70% MCPBA, 60% 
mineral oil dispersion NaH, NaBH4, anhydrous CH2Cl2 over molecular sieves, anhydrous 
pyridine over molecular sieves, anhydrous DMF over molecular sieves were purchased from 
Aldrich and used without purification.  Imidazole, glacial AcOH, TIPSCl, TBDPSCl, TsCl 
were purchased from Fluka and used without purification. 2-Iodoxybenzoic acid (IBX) was 
synthesized according to the literature methods.[54] Toluene, Et2O and THF were distilled 
from sodium/benzophenone.  
Instruments: Infrared (IR) spectra were obtained using a FTIR spectrophotometer. Data 
are presented as frequency of absorption (cm-1). Specific rotations were measured with a 
digital polarimeter with a 1 dm cell. Proton and carbon-13 nuclear magnetic resonance (1H 
NMR and 13C NMR) spectra were recorded at 250 and 62.5 MHz respectively; chemical 
shifts are expressed in parts per million (δ scale) downfield from tetramethylsilane and refer 
to residual protium in the NMR solvent (CHCl3: δ 7.26; CD3OD: δ 3.31; DMSO-d6: δ 2.50). 
Data are presented as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, 
m = multiplet and/or multiple resonances), integration, coupling constant in Hertz (Hz). 
Melting points are determined by Kofler apparatus and they are uncorrected. 
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D-glucal 
MeONa (0.100g, 1.851 mmol, 0.05 equiv) was added to a solution 
of tri-O-acetyl-D-glucal 3.1 (10.00g, 36.73 mmol, 1.0 equiv) in MeOH 
(100.0 mL) and the resulting reaction mixture was stirred at room 
temperature for 4 h. Evaporation of the organic solvent afforded a 
product (5.004g, 34.16mmol, 93% yield) consisting of 3.2, practically 
pure as a syrup:  
 
Rf = 0.27 (9:1 CH2Cl2/MeOH); FTIR (neat film) 3398, 2926, 1645, 1413, 1230, 1074, 
1015, 824, 735 cm-1. 1H NMR (CD3OD) δ 6.26 (dd, 1H, J = 6.0, 1.6 Hz), 4.60 (dd, 1H, J = 
6.0, 2.2 Hz), 4.04 (dt, 1H, J = 7.0, 1.9 Hz), 3.85-3.58 (m, 3H), 3.48 (dd, 1H, J = 9.5, 7.0 Hz). 
13C NMR (CD3OD) δ 146.5, 106.1, 81.9, 72.5, 72.1, 63.8. Anal.Calcd for C6H10O4: C, 49.31; 
H, 6.90. Found: C, 49.14; H, 6.78. 
 
6-O-tert-buthyldimethylsilyl-D-glucal 
 Imidazole (5.3g, 77.96 mmol, 2.0 equiv) was added to a solution of D-glucal 3.2 (5.70 g, 
38.98 mmol, 1.0 equiv) in anhydrous DMF (20.0 mL) and anhydrous 
THF (240.0 mL). The mixture was cooled to 0°C, added with TBSCl 
(8.77g, 58.47 mmol, 1.5 equiv), and after its complete solubilization, 
the temperature was allowed to rise to r.t. The solution was kept under 
stirring for 45 minutes, diluted with Et2O and then washed with 
distilled water and brine. The organic layer was dried (MgSO4) and concentrated leading to 
the TBS-O-derivative 3.3 (11.37 g, >99% yield), practically pure as an oil, which was 
directly utilized in the next step without any further purification: 
 
Rf = 0.51 (1:1 CH2Cl2/MeOH); FTIR (neat film) 3350, 3070, 2954, 2929, 2885, 2857, 
1649, 1463, 1254, 1052, 834, 777 cm-1. 1H NMR (CDCl3) δ 6.31 (dd, 1H, J = 6.0, 1.8 Hz), 
4.73 (dd, 1H, J = 6.0, 2.2 Hz), 4.30-4.23 (m, 1H), 4.05-3.87 (m, 2H), 3.86-3.69 (m, 2H), 0.9 
(s, 9H), 0.1 (s, 6H). 
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6-(O- tert-buthyldimethylsilyl)-3,4-di-O-benzyl-D-glucal 
A suspension of 60% NaH in mineral oil (3.5 g, 85.40 mmol, 3.7 
equiv.) in anhydrous THF (80.0 mL) was prepared under argon 
atmosphere and cooled to 0°C. A solution of trans-diol TBS-O-
derivative 3.3 (6.0 g, 23.08 mmol, 1.0 equiv) in anhydrous THF (20.0 
mL) was added dropwise to the suspension. The reaction mixture was 
stirred for 30 minutes at room temperature and then cooled again to 0°C before BnBr (6.0 
mL, 50.78 mmol, 2.2 equiv) could have been dropped in it. TBAI (430.0 mg, 1.15 mmol, 
0.05 equiv) was added and the solution was kept stirring overnight at room temperature. 
After dilution with Et2O and ice, evaporation of the washed (distilled water, brine) and dried 
(MgSO4) organic solution afforded a crude product consisting of compound 3.4 (9.83 g, 
96.8% yield), practically pure as a liquid: 
 
 Rf=0.45 (9:1 hexane/AcOEt); 1H NMR (CDCl3) δ 7.42-7.26 (m, 10H), 6.38 (dd, 1H, J = 
6.1, 1.2 Hz), 4.86 (d, 1H, J = 11.2 Hz), 4.85-4.79 (m, 1H), 4.73 (d, 1H, J = 11.2 Hz), 4.64 
(d, 1H, J = 11.2 Hz) 4.57 (d, 1H, J = 11.2 Hz), 4.27-4.14 (m, 1H), 4.03-3.83 (m, 4H), 0.9 (s, 
9H), 0.06 (s, 6H). 
 
3,4-di-O-benzyl-D-glucal 
TBAF protocol. 
A solution of compound 3.4 (10.0 g, 22.73 mmol, 1.0 equiv) in 
anhydrous THF (230.0 mL) was cooled to 0°C under stirring and a 1.0 
M solution of TBAF in THF (25.0 mL, 25.0 mmol, 1.1 equiv) was 
dropped in it. The reaction mixture was stirred for 2 hours at room 
temperature, then diluted with Et2O, washed twice with brine and the organic layer was dried 
with MgSO4. After evaporation a crude product was obtained (9.505 g) and subjected to 
flash chromatography (8:2 hexane/AcOEt) in order to obtain alcohol 3.5 (5.0, 67.6% yield) 
pure as a white solid. 
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AcOH/THF/H2O protocol. 
33.52mL of a solution of glacial AcOH, THF, and deionized water (1.5:2:1 ratio) is added 
to the silyl ether 3.4 (1.100g, 2.5mmol, 1 equiv) in a flask. The reaction mixture thus obtained 
is heated up to 45°C by means of a silicon oil warming bath, and is kept stirring for 24 hours. 
The reaction mixture is diluted with Et2O and added with enough solid NaHCO3 to obtain a 
neutral pH. This mixture is washed in a separatory funnel with Et2O, aqueous NaHCO3 
saturated solution, and brine. The organic layer was dried with MgSO4, and completely 
evaporated. The work-up afforded a crude product which was subjected to flash 
chromatography (hexane/AcOEt 8:2) that gave the primary alcohol 3.5 pure as a white solid 
(289mg, 37.8% yield). 
 
mp = 32-35 °C; Rf = 0.18 (8:2 hexane/AcOEt); 
1H NMR (CDCl3) δ 7.41-7.27 (m, 10H), 
6.41 (dd, 1H, J = 6.1, 1.3 Hz), 4.94-4.88 (m, 1H), 4.87 (d, 1H, J = 11.6 Hz), 4.73 (d, 1H, J = 
11.6 Hz), 4.68 (d, 1H, J = 11.6 Hz), 4.57 (d, 1H, J = 11.6 Hz), 4.28-4.17 (m, 1H), 3.99-3.91 
(m, 1H), 3.90-3.75 (m, 3H). 
 
2-Formyl-3,4- di-benzyl-3,4-dihydro-2H-pyrane 
A solution of primary alcohol 3.5 (1.42 g, 4.35 mmol, 1.0 equiv) in 
anhydrous AcOEt (100.0 mL) was added with IBX (3.66 g, 13.06 
mmol, 3.0 equiv)[54] stirred at 75 °C overnight under argon. The solution 
was filtered on a Celite® pad and concentrated affording pure aldehyde 
3.6 as an oil (1.41 g, >99% yield), which was used in the next step 
without any further purification. 
 
 Rf=0.29 (7:3 hexane/AcOEt); [α]20D  +10.20 (c 1.12, CHCl3); 1H NMR (CDCl3) δ 9.55 
(s, 1H), 7.42-7.12 (m, 10H), 6.68 (d, 1H, J = 6.3 Hz), 5.16-4.98 (m, 1H), 4.81-4.49 (m, 3H), 
4.38 (s, 2H), 4.19-3.98 (m, 1H), 3.88-3.69 (m, 1H). 
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1,5-Anhydro-di-O-(benzyl)-2,6,7-trideoxy-D-arabino-Hept-1,6-Dienitol(-) 
A 1.0M LHMDS in THF solution (13.06 mL, 6.53 mmol, 1.5 equiv) 
was added dropwise to a solution of Ph3PMe
+I- (2.81g, 6.96mmol, 1.6 
equiv) in anhydrous THF (25.0 mL) under argon atmosphere. The 
reaction mixture was stirred at the same temperature for 30 min and then 
at 0 °C for 1 h and cooled again to -78 °C. A solution of aldehyde 3.6 
(1.41 g, 4.35 mmol, 1.0 equiv) in anhydrous THF (20.0 mL) was added 
dropwise and the reaction mixture was stirred at room temperature for 3 h, The reaction 
mixture, in fact, was filtered on a Celite® pad, washed in a separatory funnel with saturated 
aqueous solution of NH4Cl, saturated aqueous solution of NaHCO3, and brine. The organic 
layer was dried (Na2SO4), concentrated, and filtered on a silica gel pad with three different 
eluant solutions: A) hexane/AcOEt 7:3, B) hexane/AcOEt 1:1, and C) hexane/AcOEt 3:7. 
Solution A was then evaporated leading to the desired olefin 3.7, practically pure as a clear 
liquid (0.943 g, 67.3% yield): 
 
 Rf = 0.22 (9:1 hexane/AcOEt); [α]20D -34.7 (c 1.1, CHCl3);  1H NMR (CDCl3) δ 7.45-
7.28 (m, 10H), 6.42 (dd, 1H, J = 6.1, 1.2 Hz), 6.1 (ddd, 1H, J = 17.1, 10.6, 6.4 Hz), 5.44 (dt, 
1H, J = 17.1, 2.9, 1.4 Hz), 5.31 (dt, 1H, J = 10.6, 2.9, 1.4 Hz), 4.89 (dd, 1H, J = 6.1, 2.7 Hz), 
4.79 (d, 1H, J = 11.2 Hz), 4.69 (d, 1H, J = 11.2 Hz), 4.65 (d, 1H, J = 11.7 Hz), 4.58 (d, 1H, 
J = 11.7 Hz), 4.34 (dd, 1H, J = 8.1, 6.7 Hz), 4.21 (ddd, 1H, J = 6.0, 2.7, 1.6 Hz), 3.61 (dd, 
1H, J = 8.4, 6.0 Hz); 13C NMR (CDCl3) δ 144.7, 138.6, 138.3, 134.5, 128.6, 128.2, 127.9, 
127.8, 118.5, 100.5, 78.5, 78.2, 75.6, 74.0, 70.9.  
 
 
3,4-Di-O-benzyl-5a-carba-D-glucal  
A solution of olefin 3.7 (0.878 g, 2.73 mmol) in 1,3-dichlorobenzene (4.0 mL) was heated 
to 240°C for 1 hour in an AP 100 Silicone oil (Aldrich) warming bath. 
After cooling to rt, the reaction mixture was added to a solution of 
NaBH4 (0.155 g, 4.01 mmol, 6.0 equiv) in 2:1 THF/EtOH (4.0 mL) and 
the resulting mixture was stirred at room temperature for 10 min. After 
dilution with CH2Cl2, washing with brine, drying (Na2SO4), and 
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concentration of the organic layer, a crude reaction product was obtained (0.950 g), flash 
chromatography of which (8:2 hexane/AcOEt) yielded primary alcohol 3.9 (0.500 g, 60% 
yield), pure as a liquid.  
 
Rf = 0.25 (7:3 hexane/AcOEt); [α]20D  -24.69 (c 0.81, CHCl3);  FTIR (neat film) 3428, 
3063, 3029, 2870, 1496, 1454, 1026, 738, 695. 1H NMR (CDCl3) δ 7.50-7.27 (m, 10H), 
5.85-5.63 (m, 2H), 4.99 (d, 1H, J = 11.3 Hz), 4.74 (d, 1H, J = 11.3 Hz), 4.64 (d, 1H, J = 11.2 
Hz), 4.24 (ddd, 1H, J = 7.1, 2.7, 1.4 Hz), 3.71-3.51 (m, 3H), 2.61 (dd, J = 8.0, 4.0 Hz), 2.13-
1.74 (m, 2H). 13C NMR (CDCl3) δ 138.4, 131.0, 129.5, 127.8, 127.5, 125.9, 82.0, 81.2, 74.4, 
71.3, 65.4, 40.5, 29.8, 28.1. 
 
3,4-di-O-benzyl-6-O-Tosyl-5a-carba-D-glucal 
A solution of primary alcohol 3.9 (0.335 g, 1.03 mmol, 1.0 equiv) in 
anhydrous pyridine (4.0 mL) was added with TsCl (0.256 g, 1.34 mmol, 
1.3 equiv) at 0 °C, and the reaction mixture was stirred for 24h at room 
temperature. Co-evaporation of the organic solution with toluene 
afforded a crude reaction product consisting of O-tosyl-derivative 3.10, 
which was subjected to flash chromatography. Elution with a 8:2 hexane/AcOEt mixture 
afforded tosylate 3.10 (0.422 g, 85% yield), pure as a yellow liquid.  
Rf = 0.24 (8:2 hexane/AcOEt); [α]20D -2.51 (c 1.26, CHCl3). FTIR (neat film) 3031, 2903, 
1359, 1175, 1094, 926, 813, 666. 1H NMR (CDCl3) δ 7.75 (d, 2H, J = 8.3 Hz), 7.35-7.27 (m, 
10H), 7.21-7.15 (m,  2H), 5.76-5.63 (m, 2H), 4.84 (d, 1H, J = 10.9 Hz), 4.67 (d, 1H, J = 11.6 
Hz), 4.60 (d, 1H, J = 11.6 Hz), 4.48 (d, 1H, J = 10.9 Hz), 4.21 (dd, 1H, J = 9.2, 5.2 Hz), 
4.17-4.09 (m, 2H), 3.56 (dd, 1H, J = 9.7, 7.1 Hz), 2.41 (s, 3H), 2.26-2.07 (m, 3H). 13C NMR 
(CDCl3) δ 145.0, 138.5, 130.0, 128.6, 128.1, 128.0, 126.3, 80.9, 78.6, 74.4, 71.5, 70.7, 38.4, 
28.0, 21.8. 
 
 
 
 
                                                                                                                            Experimental 
62 
3,4-di-O-benzyl-6-Deoxy-5a-carba-D-glucal 
Tosylate 3.10 (0.374 g, 0.78 mmol, 1.0 equiv) was solubilized in anhydrous Et2O (30.0 
mL) and then added with LiAlH4 (0.260 g, 6.86 mmol, 8.8 equiv) at 0°C. 
The reaction mixture was stirred for 7h at the same temperature. After 
dilution with Et2O, ice, a 10% aqueous sodium hydroxide solution was 
dropped until the formation of a white precipitate. The solution was added 
with Na2SO4, decanted and filtered. Evaporation of the ethereous solution 
afforded the methyl-substituted olefin 3.11 (0.238 g, 99% yield), pure as a yellow oil. 
Rf = 0.49 (8:2 hexane/AcOEt); [α]20D +10.2 (c 0.16, CHCl3). FTIR (neat film) 3064, 3030, 
2951, 2888, 1496, 1454, 1101, 735, 696. 1H NMR (CDCl3) δ 7.42-7.27 (m, 10 H), 5.81-5.62 
(m, 2H), 4.93 (d, 1H, J = 11.0 Hz), 4.70 (s, 2H), 4.67 (d, 1H, J = 11.0 Hz), 4.21-4.13 (m, 
1H), 3.32 (dd, 1H, J = 10.6, 7.6 Hz), 2.20-2.14 (m, 1H), 1.95-1.76 (m, 2H), 1.09 (d, 3H, J = 
6.2 Hz). 13C NMR (CDCl3) δ 132.7, 128.7, 128.6, 128.2, 128.1, 127.9, 127.7, 119.1, 75.0, 
74.0, 53.7, 42.6, 34.2, 27.5, 14.5. 
 
Reaction of methyl-substituted olefin 3.11 with MCPBA 
Methyl-substituted olefin 3.11 (0.214 g, 0.70 mmol, 1 equiv) was solubilized in 
anhydrous CH2Cl2 (20.0 mL) was added with MCPBA (0.343 g, 2.0 mmol, 2.0 equiv) at 0 
°C and the reaction mixture was stirred for 24h at room temperature. The reaction mixture 
was diluted with CH2Cl2 and then washed with 10% aqueous Na2S2O3 solution, aqueous 
NaHCO3 saturated solution, and brine. Evaporation of the dried (Na2SO4) Organic layer 
afforded a crude reaction mixture (0.223 g) consisting of the diasteroisomeric epoxides 
3.12α and 3.12β in 80:20 ratio (1H NMR). Purification by means of flash chromatography 
(9:1 hexane/AcOEt) afforded pure epoxides 3.12α and 3.12β. 
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3,4-di-O-benzyl-6-Deoxy-1,2-anhydro-5a-carba-α-D-glucopyranose:  
(0.110 g, 50% yield), pure as a solid: mp: 62-65 °C; Rf = 0.40 (8:2 
hexane/AcOEt); [α]20D +6.77 (c 2.17, CHCl3). 1H NMR (CDCl3) δ 7.39-
7.22 (m, 10H), 4.79 (d, 1H, J = 11.0 Hz), 4.76 (d, 1H, J = 11.3 Hz), 
4.65 (d, 1H, J = 11.3 Hz), 4.54 (d, 1H, J = 11.0 Hz), 3.70 (d, 1H, J = 
7.9 Hz), 3.15-3.09 (m, 2H), 2.96 (dd, 1H, J = 10.8, 7.9 Hz), 2.22-2.10 
(m, 1H), 1.66-1.39 (m, 2H), 0.93 (d, 3H, J = 6.3 Hz). 13C NMR (CDCl3) 
δ 138.9, 138.0, 128.7, 128.5, 128.1, 127.7, 84.5, 80.6, 74.8, 72.8, 54.5, 52.9, 33.1, 27.5, 17.8. 
 
3,4-di-O-benzyl-6-Deoxy-1,2-anhydro-5a-carba-β-D-mannopyranose:  
(0.030 g, 13% yield), pure as a solid: mp: 28-31 °C; Rf = 0.26 (8:2 
hexane/AcOEt); [α]20D +14.9 (c 0.99, CHCl3). 1H NMR (CDCl3) δ 
7.39-7.27 (m, 10H), 4.88 (d, 1H, J = 10.7 Hz), 4.83 (s, 2H), 4.58 (d, 
1H, J = 10.7 Hz), 3.80 (dd, 1H, J = 8.2, 1.9 Hz), 3.36-3.27 (m, 2H), 
3.24-3.19 (m, 1H), 1.72-1.55 (m, 3H), 0.98 (d, 3H, J = 6.0 Hz). 13C 
NMR (CDCl3) δ 138.8, 138.7, 128.6, 128.3, 128.1, 127.8, 82.3, 81.7, 75.7, 72.6, 55.9, 53.8, 
34.7, 32.2, 17.7. 
 
Reaction of epoxide 3.12α with Cu(OTf)2/MeOH/CH2Cl2 
A solution of epoxide 3.12α (0.022 g, 0.067 mmol) in anhydrous CH2Cl2 (0.2 mL) was 
treated with MeOH (10.8 mL, 0.268 mmol, 4.0 equiv) and Cu(OTf)2 (0.007 g, 0.020 mmol, 
0.3 equiv) and the resulting reaction mixture was stirred for 48 h at room temperature. After 
dilution with CH2Cl2, evaporation of the washed (saturated aqueous NaHCO3 and saturated 
aqueous NaCl) organic solution, afforded a crude product (0.022 g, 99% yield) consisting of 
a 50:50 mixture of the two regioisomeric trans-methoxy alcohols 3.15 and 3.16 (1H NMR) 
which turned out to be not separable under all the chromatographic conditions tried. 
A solution of the 1:1 mixture of trans methoxy alcohols 3.15 and 3.16 in anhydrous 
pyridine (0.2 mL) was treated at 0 °C with Ac2O (0.1 mL), and the reaction mixture was 
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stirred for 18 h at room temperature. Co-evaporation with toluene afforded a 1:1 mixture of 
the corresponding acetyl derivatives 3.15-Ac and 3.16-Ac, which was subjected to 
preparative TLC by using a 2:7:1 hexane/CH2Cl2/(i-Pr)2O mixture. Extraction of the most 
intense bands (the faster band contained 3.16-Ac) afforded pure methoxy derivatives 3.15-
Ac (0.008 g, 32% yield) and 3.16-Ac (0.008 g, 32% yield): 
 
2-O-acetyl-3,4-di-O-benzyl-6-deoxy-1-O-methyl-5a-carba-β-D-glucopyranoside: 
 a liquid, Rf = 0.31 [2:7:1 hexane/CH2Cl2/(i-Pr)2O]; [ ]
20
D +22.8 
(c 0.72, CHCl3). 
1H NMR (CDCl3) δ 7.37-7.27 (m, 10H), 5.02 (t, 
1H, J = 9.6 Hz), 4.86 (d, 1H, J = 10.7 Hz), 4.82 (d, 1H, J = 11.3 Hz), 
4.65 (d, 1H, J = 11.3 Hz), 4.59 (d, 1H, J = 10.7 Hz), 3.46 (t, 1H, J = 
9.6 Hz), 3.33 (s, 3H), 3.25-3.16 (m, 1H), 3.12 (dd, 1H, J = 10.2, 9.6 
Hz), 2.10-1.99 (m, 1H), 1.97 (s, 3H), 1.65-1.50 (m, 2H), 1.07 (d, 3H, 
J = 6.3 Hz). 13C NMR (CDCl3) δ 170.5, 138.7, 138.5, 128.6, 128.3, 127.9, 127.8, 86.2, 84.2, 
79.1, 75.7, 75.6, 57.4, 57.4, 34.3, 33.4, 21.3, 18.3. 
 
1-O-Acetyl-3,4-di-O-benzyl-6-deoxy-2-O-methyl-5a-carba-α-D-mannopyranoside: 
 a liquid, Rf = 0.52 [2:7:1 hexane/CH2Cl2/(i-Pr)2O]; [α]20D +35.6 
(c 0.74, CHCl3). 
1H NMR (CDCl3) δ 7.41-7.27 (m, 10H), 5.07-5.00 
(m, 1H), 4.96 (d, 1H, J = 10.5 Hz), 4.76 (d, 1H, J = 12.0 Hz), 4.67 
(d, 1H, J = 12.0 Hz), 4.60 (d, 1H, J = 10.5 Hz), 3.63 (dd, 1H, J = 9.6, 
3.0 Hz), 3.51-3.46 (m, 1H), 3.48 (s, 3H), 3.38 (t, 1H, J = 9.6 Hz), 
1.96 (s, 3H), 1.88-1.72 (m, 1H), 1.66-1.61 (m, 2H), 1.04 (d, 3H, J = 
6.3 Hz). 13C NMR (CDCl3) δ 170.0, 139.1, 138.7, 128.6, 128.3, 128.2, 127.9, 127.7, 83.2, 
81.3, 78.4, 75.9, 73.0, 69.2, 59.2, 32.5, 32.0, 21.3, 18.2. 
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Reaction of epoxide 3.12α with Cu(OTf)2/i-PrOH/CH2Cl2 
Following the procedure previously described for the synthesis of methoxy alcohols 3.15 
and 3.16, a solution of epoxide 3.12α (50mg, 0.157mmol, 1.0 equiv) in anhydrous CH2Cl2 
(1.5mL) was treated with i-PrOH (0.05mL, 0.628mmol, 4.0 equiv) and Cu(OTf)2 (0.010 g, 
0.027 mmol, 0.3 equiv), and the resulting reaction mixture was stirred for 3 days at room 
temperature. After dilution with CH2Cl2, evaporation of the washed (saturated aqueous 
NaHCO3 and saturated aqueous NaCl) and dried (MgSO4) organic solution afforded a crude 
mixture (0.045 g), consisting of the two regioisomeric i-propoxy alcohols 3.17 and 3.18 in a 
1:1 ratio (1H NMR), which were subjected to preparative TLC, by using a 7:3 hexane/AcOEt 
mixture as the eluant. Extraction of the more intense bands (the faster band contains alcohol 
3.17) afforded the two i-propoxy alcohols 3.17 (0.020 g, 33,2% yield) and 3.18 (0.0193 g, 
32% yield).   
 
3,4-di-O-benzyl-6-deoxy-1-O-i-propyl-5a-carba-β-D-glucopyranose:  
a liquid, Rf = 0.39 (7:3 hexane/AcOEt); 
1H NMR (CDCl3) δ 7.43 
– 7.26 (m, 9H), 4.96 – 4.56 (m, 4H), 3.76 (hept, J = 6.2 Hz, 1H), 3.53 
– 3.37 (m, 2H), 3.30 – 3.16 (m, 1H), 3.12 – 3.00 (m, 1H), 1.91 (dt, J 
= 13.0, 3.9 Hz, 1H), 1.66 – 1.56 (m, 2H), 1.17 (d, J = 6.1 Hz, 5H), 
1.06 (d, J = 6.5 Hz, 3H). 13C NMR (CDCl3) δ 139.04 (s), 138.73 (s), 
128.57 (s), 128.54  (s), 128.17 (s), 128.08 (s), 127.80 (s), 127.74 (s), 
85.95 (s), 77.67 (s), 77.55 (s), 77.42 (s), 77.16 (s), 76.65 (s), 75.60 (s), 75.46 (s), 70.67 (s), 
35.72 (s), 33.77 (s), 23.62 (s), 22.48 (s), 18.29 (s). 
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3,4-di-O-benzyl-6-deoxy-2-O-i-propyl-5a-carba-α-D-mannopyranose:  
a liquid, Rf = 0.28 (7:3 hexane/AcOEt); 
1H NMR (CDCl3) δ 7.38 – 
7.27 (m, 10H), 4.82 – 4.53 (m, 4H), 4.00 – 3.92 (m, 1H), 3.81 – 
3.71 (m, 2H), 3.70 – 3.65 (m, 1H), 3.44 (t, J = 7.8 Hz, 1H), 2.04 – 
1.89 (m, 1H), 1.73 – 1.66 (m, 2H), 1.19 (d, J = 6.1 Hz, 3H), 1.14 (d, 
J = 6.1 Hz, 3H), 1.08 (d, J = 6.8 Hz, 3H). 
13C NMR (CDCl3) δ 139.22 (s), 139.01 (s), 128.43 (s), 128.40 (s), 
127.99 (s), 127.87 (s), 127.56 (s), 82.36 (s), 80.41 (s), 77.67 (s), 77.16 (s), 76.65 (s), 74.28 
(s), 72.81 (s), 71.50 (s), 67.99 (s), 35.02 (s), 31.78 (s), 22.96 (s), 22.83 (s), 18.23 (s). 
 
Reaction of epoxide 3.12α with Cu(OTf)2/t-BuOH/CH2Cl2 
A solution of epoxide 3.12α (0.030 g, 0.089 mmol, 1.0 equiv) in anhydrous CH2Cl2 was 
treated with t-BuOH (30.0 μL, 0.36 mmol, 4.0 equiv) and Cu(OTf)2 (0.010 g, 0.027 mmol, 
0.3 equiv), and the resulting reaction mixture was stirred for 48 h at room temperature. After 
dilution with CH2Cl2, evaporation of the washed (saturated aqueous NaHCO3 and saturated 
aqueous NaCl) and dried (MgSO4) organic solution afforded a crude mixture (0.023 g), 
consisting of the two regioisomeric t-buthoxy alcohols 3.19 and 3.20 in a 2:1 ratio (1H 
NMR), which was subjected to preparative TLC, by using a 7:3 hexane/AcOEt mixture as 
the eluant. Extraction of the more intense bands (the faster band contains alcohol 3.19) 
afforded the two t-buthoxy alcohols 3.19 (0.010 g, 30% yield) and 3.20 (0.006 g, 17% yield).   
 
3,4-di-O-benzyl-6-deoxy-1-O-t-buthyl-5a-carba-β-D-glucopyranose:  
a liquid, Rf = 0.6 (7:3 hexane/AcOEt); [α]20D -4.1 (c 0.73, CHCl3). 
1H NMR (CDCl3) δ  7.43-7.27 (m, 10H), 4.95 (d, 1H, J = 11.0 Hz), 
4.91 (d, 1H, J = 10.8 Hz), 4.84 (d, 1H, J = 11.0 Hz), 4.59 (d, 1H, J 
= 10.8 Hz), 3.50-3.27 (m, 3H), 3.11-2.99 (m, 1H), 2.57 (s, 1H), 1.82 
(dt, 1H, J = 13.2, 3.9 Hz), 1.70-1.51 (m, 2H), 1.24 (s, 9H), 1.04 (d, 
3H, J = 6.5 Hz). 13C NMR (CDCl3) δ 139.2, 138.9, 128.5, 128.5, 
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128.3, 128.1, 128.1, 127.7, 127.7, 86.0, 86.1, 75.5, 75.4, 74.4, 72.6, 38.4, 33.9, 29.8, 29.1, 
18.4. 
 
3,4-di-O-benzyl-6-deoxy-2-O-t-buthyl-5a-carba-α-D-mannopyranose:  
a liquid, Rf = 0.6 (7:3 hexane/AcOEt); [α]20D -17.33 (c 0.45, 
CHCl3). 
1H NMR (CDCl3) δ 7.37-7.27 (m, 10H), 4.70 (d, 1H, J = 
11.5 Hz), 4.68 (d, 1H, J = 11.9 Hz), 4.62 (d, 1H, J = 12.0 Hz), 4.54 
(d, 1H, J = 11.5 Hz), 4.00-3.90 (m, 1H), 3.83-3.71 (m, 2H), 3.44 (t, 
1H, J = 6.7 Hz), 2.09-1.95 (m, 1H), 1.79-1.64 (m, 2H), 1.19 (s, 9H), 
1.10 (d, 3H, J = 7.2 Hz). 13C NMR (CDCl3) δ 139.3, 139.0, 128.5, 
128.5, 128.4, 128.1, 127.9, 127.6, 127.6, 81.9, 80.7, 74.5, 73.7, 73.2, 73.0, 32.0, 29.9, 28.9, 
28.9, 18.3. 
 
Reaction of epoxide 3.12α with Cu(OTf)2/p-methoxyphenol/CH2Cl2 
A solution of epoxide 3.12α in anhydrous CH2Cl2 was treated with p-methoxyphenol and 
Cu(OTf)2, and the resulting reaction mixture was stirred for 48 h at room temperature. After 
dilution with CH2Cl2, evaporation of the washed (10% NaOH aqueous solution and saturated 
aqueous NaCl) and dried (MgSO4) organic solution afforded a crude product (0.021 g) 
consisting of alcohol 3.21 (1H NMR), which was purified as acetylated derivative. 
A solution of alcohol 3.21 in anhydrous pyridine (0.2 mL) was treated at 0 °C with Ac2O 
(0.1 mL) and the reaction was stirred for 18 h at room temperature. Co-evaporation with 
toluene afforded the corresponding acetyl derivative 3.21-Ac (0.007 g, 20% yield), pure as 
a yellow oil. 
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2-O-acetyl-3,4-di-O-benzyl-6-deoxy-1-O-p-methoxyphenyl-5a-carba-β-D-
glucopyranoside: 
 Rf = 0.6 (7:3 hexane/AcOEt). 
1H NMR (CDCl3) δ 
7.37-7.27 (m, 10H), 6.89-6.75 (m, 4H), 5.24 (t, 1H, J = 
9.6 Hz), 4.88 (d, 1H, J = 10.8 Hz), 4.84 (d, 1H, J = 11.2 
Hz), 4.67 (d, 1H, J = 11.2 Hz), 4.61 (d, 1H, J = 10.8 Hz), 
4.14-3.91 (m, 1H), 3.76 (s, 3H), 3.52 (t, 1H, J = 9.3 Hz), 
3.18 (t, 1H, J = 9.5 Hz), 2.39-2.01 (m, 3H), 1.84 (s, 3H), 
1.07 (d, 3H, J = 6.5 Hz); 13C NMR (CDCl3) δ 171.1, 154.4, 151.7, 138.5, 128.7, 128.3, 127.9, 
118.4, 114.7, 95.5, 86.2, 79.8, 75.6, 69.7, 55.9, 33.5, 29.9, 21.2, 18.1. 
 
Reaction of epoxide (+)-2.31α with diaceton-D-galactose/Cu(OTf)2/CH2Cl2 
Epoxide 3.12α (50.9mg, 0.157mmol, 1 equiv.) is diluted in anhydrous CH2Cl2 (0.75mL), 
and dropwise added with a solution of diaceton-D-galactose 3.22 in CH2Cl2 (0.75mL). 
Cu(OTf)2 (22.71mg, 0.0628mmol, 0.4 equiv.) is added to the reaction mixture, which is kept 
stirring at rt for 64h. The crude product, consisting of the two regioisomeric 
pseudodisaccharides 3.23 (32.24mg, 0.055mmol, 35% yield) and 3.24 (25mg, 0.044mmol, 
28.31% yield) in a 55:45 ratio (1H NMR), was subjected to preparative TLC, by using a 8:2 
CH2Cl2/(i-Pr)2O affording the two products, which were acetylated in order to correctly 
evaluate their regiochemistry. 
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1,2;3,4-O-diisopropylidene-6-O-(3,4-di-O-benzyl-6-deoxy-5a-carba-β-D-1-glucosyl)-α-
D-galactopyranoside 
Rf = 0.32 (8:2 CH2Cl2/(i-Pr)2O); [α]20D -34.28 (c 1.75, CHCl3); 
FTIR (neat film) 3565, 2961, 2927, 2359, 2340, 1733, 1454, 1259, 
1067, 803. 1H NMR (CDCl3) δ 7.42 – 7.27 (m, 10H), 5.56 (d, J = 
5.0 Hz, 1H), 4.91 (dt, J = 20.6, 11.1 Hz, 3H), 4.63 – 4.55 (m, 2H), 
4.32 (dd, J = 5.0, 2.4 Hz, 1H), 4.24 (dd, J = 7.9, 1.9 Hz, 1H), 4.01 – 
3.94 (m, 1H), 3.86 (dd, J = 10.5, 4.8 Hz, 1H), 3.65 – 3.54 (m, 2H), 
3.43 (t, J = 9.1 Hz, 1H), 3.33 – 3.21 (m, 1H), 3.03 (dd, J = 10.4, 8.9 
Hz, 1H), 1.96 (dt, J = 13.2, 3.9 Hz, 1H), 1.65 – 1.55 (m, 1H), 1.54 
(s, 1H), 1.45 (s, 1H), 1.33 (s, 1H), 1.25 – 1.09 (m, 1H), 1.05 (d, J = 
6.5 Hz, 1H). 13C NMR (CDCl3) δ 139.25 (s), 138.83 (s), 128.50 (s), 128.48 (s), 128.17 (s), 
128.09 (s), 127.74 (s), 127.60 (s), 109.51 (s), 108.82 (s), 96.47 (s), 85.93 (s), 85.84 (s), 81.35 
(s), 77.40 (s), 75.57 (s), 75.40 (s), 71.31 (s), 70.85 (s), 70.68 (s), 68.67 (s), 67.58 (s), 34.77 
(s), 33.64 (s), 26.19 (s), 26.12 (s), 25.07 (s), 24.54 (s), 18.32 (s). 
 
1,2;3,4-O-diisopropylidene-6-O-(2-acetyl-3,4-di-O-benzyl-6-deoxy-5a-carba-β-D-1-
glucosyl)-α-D-galactopyranoside  
A solution of pseudodisaccharide 3.23 in anhydrous pyridine (0.1 
mL) was treated at 0 °C with Ac2O (0.05 mL) and the reaction was 
stirred for 24 h at room temperature. Co-evaporation with toluene 
afforded the corresponding acetyl derivative 3.23-Ac, pure as an oil. 
1H NMR (CDCl3) δ 7.34 – 7.27 (m, 10H), 5.50 (d, J = 4.9 Hz, 
1H), 5.03 (t, J = 9.7 Hz, 1H), 4.89 – 4.54 (m, 5H), 4.28 (dd, J = 5.0, 
2.4 Hz, 1H), 4.18 (dd, J = 8.0, 1.7 Hz, 1H), 3.88 – 3.74 (m, 2H), 3.52 
– 3.42 (m, 2H), 3.41 – 3.29 (m, 1H), 3.15 – 3.06 (m, 1H), 2.08 – 
2.01 (m, 1H), 2.00 (s, 3H), 1.65 – 1.53 (m, 1H), 1.52 (s, 3H), 1.43 (s, 3H), 1.32 (s, 6H), 1.15 
(d, J = 12.0 Hz, 1H), 1.06 (d, J = 6.5 Hz, 3H). 
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1,2;3,4-O-diisopropylidene-6-O-(3,4-di-O-benzyl-6-deoxy-5a-carba-α-D-2-mannosyl)- 
α-D-galactopyranoside  
Rf = 0.4 (8:2 CH2Cl2/(i-Pr)2O); [α]20D  -35.46 (c 1.41, CHCl3); 
FTIR (neat film) 3529, 2960, 2926, 2359, 2340, 1733, 1376, 1095, 
064, 1015, 803. 1H NMR (CDCl3) δ 7.36 – 7.23 (m, 10H), 5.52 (d, 
J = 5.0 Hz, 1H), 4.73 – 4.50 (m, 5H), 4.36 – 4.28 (m, 2H), 4.15 – 
3.96 (m, 2H), 3.87 – 3.77 (m, 2H), 3.67 (d, J = 8.2 Hz, 1H), 3.63 – 
3.56 (m, 1H), 3.45 (t, J = 6.7 Hz, 1H), 2.07 – 1.99 (m, 1H), 1.69 (t, 
J = 5.8 Hz, 2H), 1.54 (s, 3H), 1.44 (s, 3H), 1.33 (s, 6H), 1.08 (d, J 
= 7.0 Hz, 3H). 13C NMR (CDCl3) δ 139.01 (s), 138.94 (s), 128.45 
(s), 128.41 (s), 127.88 (s), 127.77 (s), 127.61 (s), 127.57 (s), 109.26 (s), 108.66 (s), 96.40 
(s), 81.79 (s), 81.64 (s), 79.62 (s), 73.65 (s), 72.96 (s), 70.90 (s), 70.73 (s), 70.65 (s), 68.99 
(s), 66.93 (s), 65.96 (s), 34.68 (s), 31.74 (s), 26.22 (s), 26.09 (s), 25.02 (s), 24.58 (s), 18.18 
(s). 
1,2;3,4-O-diisopropylidene-6-O-(2-acetyl-3,4-di-O-benzyl-6-deoxy-5a-carba-α-D-2-
mannosyl)- α-D-galactopyranoside  
A solution of pseudodisaccharide 3.24 in anhydrous pyridine (0.1 mL) was treated at 0 
°C with Ac2O (0.05 mL) and the reaction was stirred for 24 h at 
room temperature. Co-evaporation with toluene afforded the 
corresponding acetyl derivative 3.24-Ac, pure as an oil. 
1H NMR (CDCl3) δ 7.36 – 7.26 (m, 10H), 5.52 (d, J = 5.1 Hz, 
1H), 5.12 – 5.05 (m, 1H), 4.91 (d, J = 10.6 Hz, 1H), 4.76 – 4.65 
(m, 2H), 4.62 – 4.53 (m, 2H), 4.33 – 4.26 (m, 2H), 4.05 – 3.96 (m, 
1H), 3.89 – 3.61 (m, 4H), 3.40 (t, J = 9.4 Hz, 1H), 1.96 (s, 3H), 
1.87 – 1.68 (m, 1H), 1.68 – 1.59 (m, 2H), 1.53 (s, 3H), 1.44 (s, 3H), 1.33 (s, 6H), 1.03 (d, J 
= 6.3 Hz, 3H). 
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Reaction of epoxide 3.12α with primary alcohol 3.9/Cu(OTf)2/CH2Cl2 
A solution of epoxide 3.23α (30mg, 0.093mmol, 1 equiv.) in anhydrous CH2Cl2 (0.5mL) 
is added with a solution of primary alcohol 3.9 (120mg, 0.37mmol, 4 equiv.) in anhydrous 
CH2Cl2 (0.5mL) and Cu(OTf)2 (13.4mg, 0.037mmol, 0.4 equiv.). The crude product, 
consisting of the two regioisomeric pseudodisaccharides 3.25 (24.1mg, 0.037mmol, 40% 
yield) and 3.26 (21.06mg, 0.0325mmol, 35% yield) in a 54:46 ratio (1H NMR), was 
subjected to preparative TLC, using a 8:2 hexane/AcOEt affording the two products, which 
were acetylated at the free hydroxyl group in order to correctly evaluate their regiochemistry. 
 
3,4-di-O-benzyl-6-O-(3,4-di-O-benzyl-6-deoxy-5a-carba-β-D-1-glucosyl)-5a-carba-α-
D-glucal 
Rf = 0.24 (8:2 hexane/AcOET);  [α]20D  -21.58 (c 1.39, CHCl3); 
FTIR (neat film) 3447, 3062, 3030, 2916, 2871, 2359, 2340, 1953, 
1721, 1496, 1453, 1069, 1026, 696. 1H NMR (CDCl3) δ 7.40 – 7.27 
(m, 20H), 5.82 – 5.64 (m, 2H), 4.94 – 4.55 (m, 8H), 4.17 (d, J = 6.3 
Hz, 1H), 3.77 – 3.56 (m, 3H), 3.55 – 3.33 (m, 3H), 3.15 (dd, J = 
13.7, 6.6 Hz, 1H), 3.08 – 2.97 (m, 1H), 2.25 – 2.02 (m, 3H), 1.98 – 
1.87 (m, 1H), 1.61 – 1.55 (m, 1H), 1.04 (d, J = 6.4 Hz, 3H). 13C 
NMR (CDCl3) δ 139.01 (s), 138.71 (s), 128.58 (s), 128.54 (s), 128.52 (s), 128.50 (s), 128.17 
(s), 128.11 (s), 127.92 (s), 127.81 (s), 127.77 (s), 127.70 (s), 85.93 (s), 85.83 (s), 80.81 (s), 
79.97 (s), 79.75 (s), 75.55 (s), 75.43 (s), 74.29 (s), 71.55 (s), 70.16 (s), 39.32 (s), 34.58 (s), 
33.61 (s), 29.81 (s), 28.69 (s), 18.26 (s). 
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3,4-di-O-benzyl-6-O-(2-acetyl-3,4-di-O-benzyl-6-deoxy-5a-carba-β-D-1-glucosyl)-5a-
carba-α-D-glucal  
A solution of pseudodisaccharide 3.25 in anhydrous pyridine (0.1 
mL) was treated at 0 °C with Ac2O (0.05 mL) and the reaction was 
stirred for 24 h at room temperature. Co-evaporation with toluene 
afforded the corresponding acetyl derivative 3.25-Ac, pure as an oil. 
1H NMR (CDCl3) δ 7.37 – 7.25 (m, 20H), 5.78 – 5.61 (m, J = 
11.4 Hz, 2H), 5.02 (t, J = 9.7 Hz, 1H), 4.91 – 4.74 (m, 3H), 4.70 – 
4.54 (m, 5H), 4.17 – 4.08 (m, 1H), 3.67 (d, J = 6.2 Hz, 1H), 3.54 (dd, J = 9.9, 7.0 Hz, 1H), 
3.47 – 3.36 (m, 2H), 3.29 – 3.15 (m, J = 15.3, 5.5 Hz, 1H), 3.15 – 3.04 (m, 1H), 2.18 – 2.13 
(m, 1H), 2.06 – 1.93 (m, 4H), 1.90 (s, 3H), 1.56 – 1.44 (m, 1H), 1.03 (d, J = 6.4 Hz, 3H). 
 
 
3,4-di-O-benzyl-6-O-(3,4-di-O-benzyl-6-deoxy-5a-carba-α-D-1-mannosyl)-5a-carba-α-
D-glucal 
Rf = 0.1 (8:2 hexane/AcOEt);  [α]20D  -6.28 (c 1.59, CHCl3); 
FTIR (neat film) 3437, 2909, 2359, 2340, 1496, 1454, 1261, 1093, 
1026, 803. 1H NMR (CDCl3) δ 7.41 – 7.19 (m, 20H), 5.82 – 5.65 
(m, 2H), 4.92 – 4.41 (m, 8H), 4.22 – 4.03 (m, 2H), 4.00 – 3.91 (m, 
1H), 3.79 (dd, J = 8.7, 2.8 Hz, 1H), 3.73 – 3.60 (m, 2H), 3.56 (dd, 
J = 9.0, 3.3 Hz, 1H), 3.39 (t, J = 9.1 Hz, 1H), 2.28 – 2.13 (m, 2H), 
2.13 – 2.00 (m, 1H), 2.00 – 1.83 (m, 1H), 1.64 – 1.58 (m, 2H), 1.04 
(d, J = 6.6 Hz, 3H). 13C NMR (CDCl3) δ 139.14 (s), 139.06 (s), 139.01 (s), 138.75 (s), 128.62 
(s), 128.54 (s), 128.45 (s), 128.41 (s), 128.39 (s), 128.12 (s), 128.05 (s), 128.00 (s), 127.82 
(s), 127.73 (s), 127.60 (s), 127.53 (s), 83.21 (s), 81.43 (s), 80.99 (s), 80.71 (s), 79.53 (s), 
75.01 (s), 74.54 (s), 72.87 (s), 72.19 (s), 71.90 (s), 68.12 (s), 39.81 (s), 35.45 (s), 31.81 (s), 
28.74 (s), 18.29 (s). 
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3,4-di-O-benzyl-6-O-(2-acetyl-3,4-di-O-benzyl-6-deoxy-5a-carba-α-D-1-mannosyl)-5a-
carba-α-D-glucal 
A solution of pseudodisaccharide 3.26 in anhydrous pyridine 
(0.1 mL) was treated at 0 °C with Ac2O (0.05 mL) and the reaction 
was stirred for 24 h at room temperature. Co-evaporation with 
toluene afforded the corresponding acetyl derivative 3.26-Ac, 
pure as an oil. 
1H NMR (250 MHz, CDCl3) δ 7.40 – 7.21 (m, 20H), 5.81 – 
5.63 (m, 2H), 4.96 – 4.90 (m, 1H), 4.89 – 4.43 (m, 8H), 4.22 – 
4.09 (m, 2H), 3.74 – 3.51 (m, 4H), 3.38 (t, J = 9.5 Hz, 1H), 2.26 – 2.19 (m, 2H), 2.07 – 1.97 
(m, 1H), 1.94 (s, 3H), 1.90 – 1.66 (m, 2H), 1.66 – 1.59 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H). 
 
6-O-tert-buthyldimethylsilyl-3-O-tert-buthyldiphenylsilyl-D-glucal  
Trans-diol 3.3 (1.000g, 3.8mmol, 1 equiv.9) was solubilized in 
anhydrous DMF (10mL) and added with imidazole (520mg, 
7.6mmol, 2 equiv.) under stirring. The reaction mixture was 
cooled to 0°C and TBDPS-Cl (1.0mL, 3.8mmol, 1 equiv.) was 
added. The reaction mixture was kept stirring at room 
temperature, and after 24 hours was diluted with Et2O and washed 
in a separatory funnel with aqueous NaCl saturated solution. The organic layer was dried 
(MgSO4,) and evaporated affording a crude product. Flash chromatography (hexane/AcOEt 
9:1) afforded the secondary desilylated derivative 3.27 pure an oil (1.400g, 82% yield).  
Rf = 0.28 (9:1 hexane/AcOEt); [α]20D  +27.03 (c 1.1, CHCl3); FTIR (neat film) 3567, 3501, 
3070, 2953, 2929, 2887, 2856, 1645, 1251, 1108, 1049, 836, 700. 1H NMR (CDCl3) δ 7.84 
(ddd, J = 7.7, 4.0, 2.2 Hz, 4H), 7.55 – 7.41 (m, 7H), 6.30 (dd, J = 6.1, 1.0 Hz, 1H), 4.63 (dd, 
J = 6.1, 2.7 Hz, 1H), 4.38 (d, J = 5.9 Hz, 1H), 4.21 – 3.94 (m, 3H), 3.93 – 3.83 (m, 1H), 2.43 
(d, J = 4.5 Hz, 1H), 1.20 (s, 9H), 1.04 (s, 9H), 0.20 (s, 5H). 13C NMR (63 MHz, CDCl3) δ 
143.43 (s), 135.95 (s), 135.80 (s), 133.88 (s), 133.83 (s), 129.90 (s), 129.86 (s), 127.86 (s), 
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127.74 (s), 102.84 (s), 78.38 (s), 70.50 (s), 70.33 (s), 62.71 (s), 27.04 (s), 26.05 (s), 19.32 – 
19.30 (m), 18.48 (s). 
 
4-O-mesyl-6-O-tert-buthyldimethylsilyl-3-O-tert-buthyldiphenylsilyl-D-glucal  
A solution of secondary alcohol 3.27 (719mg, 1.44mmol, 1 
equiv.) in anhydrous pyridine (7.0mL) was cooled to 0°C and 
added with methansulfonate chloride (0.22mL, 2.88mmol, 2 
equiv.). The reaction was performed overnight. The reaction 
mixture was diluted with Et2O and ice, and washed with 10% HCl 
aqueous solution, aqueous NaHCO3 saturated solution, and brine. 
The organic layer was dried (MgSO4,) and co-evaporated with toluene affording the 
mesylate 3.28 pure as an oil (798mg, 96% yield). Rf = 0.35 (8:2 hexane/AcOEt); [α]20D  -
11.76 (c 0.85, CHCl3);  FTIR (neat film) 3071, 2954, 2931, 2889, 2857, 1647, 1471, 1427, 
1361, 1251, 1178, 1103, 1060, 953, 701. 1H NMR (CDCl3) δ 7.77 – 7.67 (m, 4H), 7.48 – 
7.39 (m, 6H), 6.33 (d, J = 6.3 Hz, 1H), 4.99 (t, J = 2.7 Hz, 1H), 4.60 – 4.52 (m, 1H), 4.41 – 
4.33 (m, 1H), 4.23 – 4.16 (m, 1H), 4.15 – 3.97 (m, 2H), 2.82 (s, 3H), 1.10 (s, 9H), 0.98 – 
0.94 (m, 9H), 0.13 (d, J = 3.5 Hz, 6H). 13C NMR (CDCl3) δ 143.72 (s), 135.96 – 135.95 (m), 
135.93 (s), 133.47 (s), 132.78 (s), 130.22 (s), 130.07 (s), 128.04 (d, J = 2.0 Hz), 127.83 (s), 
100.37 (s), 77.20 (s), 76.59 (s), 64.05 (s), 61.19 (s), 52.60 (s), 38.51 (s), 26.90 (s), 25.99 (s), 
19.25 (s), 18.46 (s). 
 
4-O-mesyl-3-O-tert-buthyldiphenylsilyl-D-glucal  
Mesylate 3.28 (700mg, 1.21mmol, 1equiv.) was solubilized in 
absolute EtOH (9mL). Pyridinium p-toluenesulfonate (91.2mg, 
0.36mmol, 0.3 equiv.) was added to the reaction mixture. After 24 
hours under stirring at room temperature, the reaction mixture was 
diluted with Et2O, and added with solid NaHCO3 in order to 
neutralize the pH. The organic layer was dried by means of Na2SO4, 
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and filtered on a Celite® pad. The solvent evaporation afforded a crude product which was 
subjected to flash chromatography (hexane/AcOEt 7:3) affording primary alcohol 3.29 pure 
as an oil (487mg, 87% yield). Rf = 0.1 (7:3 hexane/AcOEt); 
[α]20D  -36.36 (c 0.55, CHCl3); FTIR (neat film) 3545, 3071, 2932, 2857, 1647, 1357, 
1175, 1103, 1057, 952, 701. 1H NMR (CDCl3) δ 7.76 – 7.66 (m, 4H), 7.48 – 7.38 (m, 6H), 
6.30 (d, J = 6.3 Hz, 1H), 4.93 (t, J = 4.8 Hz, 1H), 4.55 – 4.50 (m, 1H), 4.37 (t, J = 4.1 Hz, 
1H), 4.25 (dt, J = 9.3, 4.7 Hz, 1H), 4.11 (dd, J = 12.5, 5.5 Hz, 1H), 3.90 (dd, J = 12.6, 3.8 
Hz, 1H), 2.87 (s, 3H). 13C NMR (CDCl3) δ 143.81 (s), 135.75 (s), 135.66 (s), 133.07 (s), 
132.46 (s), 130.12 (s), 130.00 (s), 127.93 (s), 127.72 (s), 100.73 (s), 76.95 (s), 76.59 (s), 
65.15 (s), 60.41 (s), 38.33 (s), 26.76 (s), 19.04 (s). 
 
Reaction of epoxide 3.12α under LiClO4/MeOH protocol 
A solution of epoxide 3.12α (0.012 g, 0.037 mmol, 1.0 equiv) in MeOH (1.0 mL) was 
added to a 5.0 M solution of LiClO4 in MeOH and the resulting reaction mixture was stirred 
for 8 days at 80 °C. After dilution with Et2O, evaporation of the washed (distilled water) and 
dried (MgSO4) organic solution afforded a crude product (0.017 g), consisting of the only 
methoxy alcohol 3.15 (1H NMR), which was obtained pure by preparative TLC, using a 7:3 
hexane/AcOEt mixture as the eluant. Extraction of the most intense band afforded methoxy 
alcohol 3.15 (0.007 g, 55% yield). 
 
2-hydroxy-6-deoxy-3,4-di-O-benzyl-1-O-methyl-5a-carba-α-D-glucopyranoside:  
a liquid, Rf = 0.24 (7:3 hexane/AcOEt). 
1H NMR (CDCl3) δ  
7.42-7.26 (m, 10H), 4.91 (d, 1H, J = 10.8 Hz), 4.91 (d, 1H, J = 11.2 
Hz), 4.86 (d, 1H, J = 11.2 Hz), 4.61 (d, 1H, J = 10.8 Hz), 3.57-3.34 
(m, 2H), 3.43 (s, 3H), 3.17-3.01 (m, 2H), 2.04 (dt, 1H, J = 13.2, 4.0 
Hz), 1.71-1.51 (m, 2H), 1.08 (d, 3H, J = 6.5 Hz). 13C NMR (CDCl3) 
δ 139.0, 138.7, 128.7, 128.6, 128.5, 128.2, 128.1, 127.9, 86.1, 85.9, 81.0, 76.7, 75.6, 75.5, 
57.4, 34.0, 33.7, 18.3.
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